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׾Ԥǻඌૈ
ýമ԰૞ֻࣶǴǼþ਱ԣӪൿǴǻࡖݣؓĂݯষĂࠉҤޢЕǻޒؕǸǗǑǳੈэǵǷȘҤՉϮњǻ
ಠඞǴЌӜૈǷڍ׽ȟǦȘǬȎǸþ֡മ৫њǻต਱ࡾשǸவฤǤþշԜࣵǻژǑ࣏ҤՉξिಞޑ
ǻବ৚౔ϥ׾Ԥ԰૞ǻٳ਽ȟඌ݊ǦÿିǸþҤՉ̕ϡǻ؎͠ǵɡȫɋȺɠǙ౪൰ǻȋȋఠ಴ࢁ৚
ǸǏȘර൰Ă௤৩Цǻۚऀߒಒȅǻڍ׽ȟஊନǸਸǚþҤՉɛɫɢɳǷǶǻҤՉξिಞޑǻऀಞ
ɢɋȿɪɳȰϮњॵࣶþήҿ͐ǸǗǞȘΏ෪μࠪԬǷǶǸරْǷҤՉξिಞޑǻɐȤȪĂɬɟɇ
ȣȨĘȷɧɳǻϮњӹ߿׾Ԥǻ૖Эþฒ࣏ǵЦ࣏ǸرȘήҿ࣏͐ࠉҤǻבরĂЖगĂ౔ϥ޺ೳǻ
ژ૷ϡǵτෟþఱุǴৃෛǷҤՉξिಞޑǻژं૷પุ޺ೳǻЭ௧ǵτෟǷǶǻरଯૈ׾Ԥȟ࣎
ࢴǦȘÿȋǬþǠșȖǻ׾ԤȟઌǥǳওڝૈǷ׾Ԥ஗฻ǵژ૷Ƿଲܓ฻ȟරǦȘॵনࣵ೿ǘǷࢷ
۴ȟࣶ͑ǦȘǵǵȏǸþҤՉܬդॵࣶǸڍ׽ǦȘÿ
Ղଭ׾Ԥޤ
Ħ?ħҤՉξिಞޑǻऀಞɢɋȿɪɳȰ
ýýý̪ಊᕜ͔Ăݻख़Ϯњ׾ԤϮĂՑ߈ 
ýýýৰరࢴĂήҿ͐ȻɳȿĘĂՑ߈
ýýý͗؃ঢ়ԕĂήҿ͐ȻɳȿĘĂՑ߈ 
ýýý୞ඞ൰ଽĂήҿ͐ȻɳȿĘ࠘੹Ăݻख़Ϯњ׾ԤϮĂՑ߈
Ħ@ħҤՉξिಞޑǻɐȤȪĂɬɟɇȣȨĘȷɧɳ
ýýýý؝श׵ݳĂݻख़Ϯњ׾ԤϮĂՑ߈ ýý
ýýýýඊૢ׬ݱĂݻख़Ϯњ׾ԤϮĂՑ߈
ýýýýशΡ೑ଽĂݻख़Ϯњ׾ԤϮĂࠣՑ߈
ĦAħήҿ࣏͐ࠉҤǻ౔ϥ
ýýýଆૢࠑĂݻख़Ϯњ׾ԤϮĂՑ߈ ýýý
ýýýৰशࣾĂήҿ͐ȻɳȿĘĂՑ߈
ýýýý࠺ਵڤ൰Ăݻख़Ϯњ׾ԤϮĂՑ߈
ĦBħఱุҤՉξिಞޑǻપุ
ýýýýࡷࡈ૓Ăݻख़Ϯњ׾ԤϮĂՑ߈ ýýý
ýýýýϳ؎ࣽঢ়Ăݻख़Ϯњ׾ԤϮĂՑ߈
Œಳࣶ /6 உ 2 רТ८ǸȕȗþԪซњಊþٟњಊ࠘঴ǻՑ͟Ǽ৫њͧݻख़Ϯњ׾ԤϮ࠘঴ǸǷȗ
ȋǤǬÿ
1
ඌૈǸ৔ǦȘࢴ੽ࢁՓ
ýϠӫǸݸǦȕǓǸþшȰɫĘɗǴǻࢴ੽ࢁՓǼ؊ਗ਼ǴǏȗþݨդ࣎ࢴਖଔޤঐطǻරӟૈ๬ׂ
ȏࢦȋȗǱǱǏȘǻǴþࠕੴǸ௧૖ǤǳǑȘǵڃǕȖșȘÿ
&?'ýҤՉξिಞޑǻऀಞɢɋȿɪɳȰ
ĂǠșȋǴǸЭ௧ǤǬژҖ૷Ƿ in vitroɢɋȿɪɳȰȷȹɆɠȟෟǑǳþර൰ЦǷǶǴȏڷǷǗ׹
߾ǢșȘ p,p--DDE ǻΌ՝ԘȀ܂ෟӟٳȟ൰ȖǘǸǦȘǠǵǙǴǚǬǬȎþ෋પઌȗǻࢴ੽ࢁՓ
ǴǏȘÿ
Ă߬෶ɪɢĘɈȻɳȷɳȰǻ৔ࡩǵǷǰǳǑǬࢌಞǼ฼࢑ࢌಞǴǏȗþȹȵɓɎɪǻȕǓǷپচ
์ǸǱǑǳǻ׾Ԥ๏ǼǷǘǰǬÿڷஉ૷ǻ෋యޒ؋ǸȕȗĀȹȵɓɎɪǴȏઌࡻǻ฼࢑ࢌಞǵ
์ݩǻ௷ޝȹɚȯɈɫǙ଼ȖșĀȋǬĀ࢑७ุǴǼށೀǴǚǷǑࠗӜǻΏ෪סഅǸǗǑǳȏ௷
ޝȹɚȯɈɫǴǼށೀǙϨ஗ǴǏȘǠǵǙݸۊǢșǬÿǠșȖǼڷؽǻࢴ૖ǸӜ৘ǙȏǳȘࣶ
ϰǴǏǰǬÿ
ĂҺڧǻήҿ͐Ǵऀಞৃෛࣵǻ೑ग़ǸҸǦȘ׾ԤȟڊǰǬǙĀ୸Һǻऀಞৃෛࣵ೑ग़Ǹ৔ǦȘӐ
३׾ԤǙ౔ϥǢșĀ͗؃Ǚ৩౓ȟൣȎȘĲ୸ҺғѥੴێਦĳǙĀĲ୸Һڧ۱ҤՉࡪĳĦഺ୸ࢡಭ
ޢĂ੫ॕ୸೧ޢՂۙħȟ߅ࡪǤǬÿ
ĂԄਵशบ͐ǸǗǞȘĴିપв෶ऀಞĵɖɩȸɫɁɉɡȰȵǻ͌૟ૈ೅̓ǻಠगȟઌǤǳþఃࢍ
ෛހǵਓ͔ӭؓǴǏȘǠǵǻзธȟஞ̖ǦȘǠǵǙǴǚǬÿ
&@'ýҤՉξिಞޑǻɐȤȪĂɬɡɇȣȨĘȷɧɳ
ĂAnammoxೳǻޒෟϡȟඌ݊ǤǳþǠșȋǴш޿ǻఱऀಞਖ৒ȟܺǰǬࡱٖบ؟પ࠾ֹɪȢȯ
ýȿǵ PVAȲɫɓĘȺȟบବਖ৒ǵǦȘบବ࠾ɪȢȯȿȟෟǑǳþAnammoxξૃǻ৫ุஷ෪
ýǸǱǑǳ׹ଠǤǳǚǬÿǪǻץϰþ౪࢏౱ȟਖ৒ǵǦȘࡱٖบ؟પ࠾ֹɪȢȯȿǴǼþ50ƿ
ýȋǴǻȹȱĘɫȢɃɗǸّࣶǤþݰҶǼǘǘȘȏǻǻ T-NුङࠪԬল૷ 3.0 kg-N/m3/dȟਅ
ýࣶǦȘǠǵǙǴǚǬÿȋǬþ15 lුǻ౪࢏౱ȟܺǰǬࡱٖบ؟પ࠾ֹɪȢȯȿǴǼþ3ɶרǵ
ýǑǓਝӜҶǸ T-NුङࠪԬল૷ 3.0 kg-N/m3/dȟਅࣶǦȘǠǵǙǴǚþAnammoxೳޒෟϡ
ýǻ৬͔Ҹ඗ǴǏȘਝӜҶǴǻ Anammoxξૃǻ৫ุஷ෪ǸඌࠖȟǱǞȘǠǵǙǴǚǬÿ
Ăȵɳɗɫǻࢦ૷ȑڂᛢॖؽǸҸȜȖǧþunculturedȯɭĘɳǸսεǷȯɭĘɳǙ޷ǴǏǰǬ
ýǙþ଼ȖșǬȯɭĘɳǻǓǮಠ์ǴǚǬȏǻǼग़ǳ ProteobacteriaǸ঴ǦȘǠǵǙȜǘǰǬÿ
ýȋǬþڂᛢ੾ؽǻȯɭĘɳǸǼ Thiobacillus denitrificansǻ nirS ǸսεǷȏǻǙৃǑǵǑǓ
ýି੧ȟරǤǳǑǬÿǤǬǙǰǳþThiobacillus঴ۭչǼࡻǸғѥબૃੈǸ়۳Ǥþ׳ӢҤՉǴ
ýǼพϏਈ੄ȟ޷Ƿ৩ޥ׊๳ǵǤþٛӢҤՉǸǷȘǵพϏܲϡȟ޷Ƿ৩ޥ׊๳ǵǤǳণࢍল૷Ǚ
ý৫ǚǜǷǰǳǑȘϨ஗ࣵǙݸۊǢșǬÿ
ĂH16உ૷ȋǴǻ׾ԤǴǼऀಠЖࣵɗɩȹɁɃȯ PHBߪ૔ȫɩɠɪȢȯȿĘǸȕȘࡗܲࣵ੄७
2
ýࠖซǸҸǦȘþɪȢȯȿĘ୞ǻ੄७ǻԱବǵҸ෍ۭչॷǸҸǦȘӐ३ૈਰ؃ߍߦǸฝȋǰǳǑ
ýǬǙþമஉ૷Ǽ PHBݣϡࣵਈ੄ۭչȟޒ۱ǸਓฑǦȘǠǵǸّࣶǤþǪǻࠢࣵޑǸǱǑǳȏ
ýਰ؃ȟ଼ȘǠǵǙǴǚǬÿ
&A'ý ήҿ͐ǻ࣏ҤՉǻ౔ϥ
Ăϴܥӄบ͐ǻܥ਱ǘȖЦ͐ǸǑǬȘӄఏǻ٣͐਱Ϡ࣏บବȷȹɆɠȟෛĕǷೱೳȟෟǑǳЖ
൰ǤǬץϰþമ׾Ԥบ͐ǴǼþܥ਱ǘȖЦ͐ǻ੬ҶৗȋǴǸǘǞǳࣞొஉǻ৞ฝݰҶȟරǤؕ
۳ఞѕૈѪ௧ǸࠉҤǤǳǑȘĲࠉҤࣵ਱Ϡ࣏ĳǵþ੬ҶৗȕȗϑপǻЦ͐Ϡ਱͐ǸǏȘࣞऱஉ
ȹȱĘɫǻ৞ฝݰҶȟරǤঐ৔ૈǸ਱Ϡ࣏ǻบବǻ౪Ѫ௧ǷĲત৞ࣵਚ࣏਱Ϡ࣏ĳǙ়۳Ǥǳ
ǑȘǠǵþĲࠉҤࣵ਱Ϡ࣏ĳǼǪǻಞซϡњૈࣵޑǵบବӟٳǸȕǰǳĲؓบಊե࠘บବ׉ĳ
ĲੈҶบବ׉ĳþĲ٣͐ࢦॾบବ׉ĳǻ 3ǱǻȿȤɗǸಠ์ǦȘǠǵǙǴǚȘǠǵǙಠǘǰǬÿ
Ăර൰Ă௤৩ЦǻҤՉۚऀǵഛۦǸǘǘȜȘওڝ׾Ԥȟ࣎ࢴǦȘǸଔǬǰǳþњ߿׾ԤǼȏǵ
ýȕȗþࣷ܊܊પȅǻ੾त݊ଯĂળؘþ਱͐ޢЕ܂ȗଗĕþङէૈǸ࣎ࢴĂ૖ЭȟڊǑৃ৫ǻޒ
ýछǵڍ׽ȟϰǬǤǬÿ
Ă࣏ؓǘȖර൰ЦȋǴǻบ͐ױǸǗǞȘ࣏ซٳনǻग़৒ঢȟЖ൰ǦȘǵǵȏǸþ࣏͐ҤՉȟ٣
͐ૈǸɢɋȿɪɳȰǤþɇĘȿǻࣞซЖगǸȕǰǳҤՉǻݰҶૈĂ֑Ҷૈ೅ϡȟࡨۭǸ൰Ȗǘ
ǸǦȘǠǵǴþ࣏͐ҤՉǸΌ՝ȟԘȉǦ෥͠ȟିપǦȘǠǵȟඌ౎Ǹ׾ԤȟޒݎǤǳǑȘÿǠ
ǻඌ౎ਅࣶǻǬȎǸþݱǻ 1 ǱǻȵɖɆĘɞȟधપǤǳǑȘÿᰑɪɢĘɈȻɳȷɳȰǸȕȘ٣
࣏͐͐ҤՉǻપุϡೳǻѐตþᰒ࣏͐ҤՉɇĘȿǻݰ֑Ҷಠ౱ǻɢɇɪɳȰೳǻѐตþᰓ਱ݷ
ӢĹ਱ૣบೳǸȕȘऽಊǘȖࢦಊǸݜȘ࣏ซٳনǻЖगೳǻѐตÿ3 ǱǻȵɖɆĘɞǵȏǸಳࣶ
16 உ૷ǻඔ৮૞Ǹ৔ࠖǤĀࢡǬǷ޺ೳȟળ̮ǦȘǵǵȏǸĀ৉ଔǷЖगץϰȑরપɇĘȿȟণ
ȑǦǠǵǙǴǚǬÿЦબૣӢਗێǵǑǓ୸മǴǼޒݎ๏ǙէؚȖșǳǑȘࢡǬǷבরೱೳǸǱ
Ǒǳȏ૊ෟǴǚĀল೧ૈǴǏȘǙՙ൓ࢦǑץϰǙ଼ȖșǬÿ
&B' ఱุҤՉξिಞޑǻપุ
ĂؕޒǸবǤǬ਱Ϡ࣏Ħമњǻ࣏ଷ࣏ħǸɒܲμȟȹɑȤȯǤǬൿӺݠอȟෟǑǳǻ׹ଠȟڊǰ
Ǭÿɒ७ҾරุǙ 1ppm સ૷ǴǏȗμϡಞȤȪɳǵพܲȤȪɳǙǪșǫșƒƐஶɢɫ়۳ǦȘ
ࡾשϠǴþරӟȤȪɳيҙ৒ǵǤǳǼǥȎǳɒܲȤȪɳǻԙੇϨ஗ǴǏȘǠǵȟޒࡦǤǬÿȋ
Ǭþ߬෶ǻȤȪɳيҙ߉ݛǴǼਅࣶڸ୭Ƿ֑Ҷল૷ 500 h-1ǴǻઌΛȏϨ஗ǴǏǰǬÿ
Ăෝ෉బЧȟ࣏ाǤǳพܲࢥ߾ǦȘǠǵǸȕȗරϥվ঴ǙЗߍǴǚþǢȖǸǪǻܶ᏷ȟɁȪพ
ýܲɊɈɪȦɠࢥ߾ǦȘǠǵǸȕȗκǙЗߍǴǚǳþෝ෉బЧȟ൥дϡǴǚȘǠǵǙ௵൰ǤǬÿ
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ৱరࢴ
͗؃ঢ়ԕ
୞ඞ൰ଽ
؝श׵ݳ
ඊૢ״ݱ
शΡ೑ଽ
ଆૢࠑ
ৰशࣾ
࠺ਵڤ൰
ࡷࡈ૓
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ýýב 4 ƒƐ Ƒ6 Ƒ.
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ಳࣶƑƗஉ૷ǻ׾Ԥ׊఩ܺෟޒछ೧ڦ
԰૞ֻࣶƛ׊఩Ħ3..ൎΥħ
׾Ԥ׊఩୞ඥ վýѝĦΥħܺýýෟýý୞ýýඥ ý
धయయౠ఩ 1/4*2.0࣏ޑরપছਸ
ࢷýשý఩ .
ݨդ࣎ࢴ఩ 267*...ڧ۱ȷɳɝȸȦɠ෥ݏߦĀɝȹȿĘ͝ܒ఩Ħш1..ಊħ
ý 0/.ȰɫĘɗҶՂଭ׾Ԥ࣎ࢴ఩ĦȹɚȯɈɫছਸݠ؋ฆෟħ
ý ý
ลý఩ /*462*/27ȬɜɳǴǻ׾Ԥيบ&Ց͟ 1൮ĀњऀƑ൮'
ý /0.*.43ࡱЦɕȩĘɩɠڌίĦՑ͟Ƒ൮ħ
ý 1..*...৫њͧऀǻڧ۱њЕܤϧ݋έ఩ĀƖ൮
ޥýվ /*324*645ݖ఩ฝњऀ೘ࠣվĀ//൮
Ǫýǻýূ 321*1.5ý
ý
ڝýýב 5,000,000áѤâý ý
ڧ۱ȷɳɝȸȦɠ׊఩(95ൎΥ)
୞ýඥ վѝ ܺýýෟýý୞ýýඥ
ลý఩ 780,412 ڌ݇ࡃȅǑ఩Ħڧвƒ൮Āڧ୞Ƒ൮ħ
ޥýվ 94,959 ڌίޥվĦƓ൮ħ
Ǫǻূ 74,629
ڝýב 950,000ĦΥħ
¸¸
5
Ǡǻ԰૞׾ԤǸҸ๬ǤǬвಊݣվǻя଼ࢁՓ
ĦϮњ׾Ԥ఩೘ࠣվþূࡖ੣Ă׾ԤࣶࠣೳࢷĂൡҶӋդǘȖǻ׾Ԥ఩ଗħ
̪ಊᕜ͔ 
½Ϯ׾఩Ӑఏ׾Ԥ&@'þ0..0+0..3 உþ1..ൎΥ&ಳࣶ /5உ૷ಠ'
ýýýĲं؎ۭ೸ǻؒࣞಠ๢Э݁ӟٳĳ
½Ϯ׾఩ý೺Ў׾Ԥþ0..3+0..4 உþ0/.ൎΥ&ಳࣶ /5உ૷ಠ'
ýýýĲ৒ۭ೸Ǹ৔ǦȘؒࣞಠ๢ǻහଯĳ
½Ϯ׾఩ýିપฺ͐þ0..3+0..4 உþ2/.ൎΥ&ಳࣶ /5உ૷ಠ'
ýýýĲϝ૷̵়ࣵࣵעપǻಠ݄ɡȫɋȺɠĳ&ಠਖ'
ৰరýࢴ 
ĂϮ׾఩ିપฺ͐׾ԤĲ෣฼৒ǻণࢍࣱؾӟٳǵ͌૟݄௧ؕੴऩǸȕȘࢌಞǻژݱӟ஗௧ؕĳĦಳ
ࣶ/4ĝ0.உ૷Āಠਖħ
͗؃ঢ়ԕ
ĂϳशࣸయӐվࣶࠣ, 2005உ, 75ൎΥ, ௤৩Цǻμࣵގ਱ऀಞ֬ߦǻ౔ϥĂۚऀĂॵ߾
Ăӓ౫վ, 2005உĀ70ൎΥ, ĦѶħցߑЭ௧ȨɳȸɋȢɪɳȰ
ඊૢ״ݱ
(1) ߅৻׾ԤĦ୸ӘĦѶħħ, 2005உ, 2843ൎΥ, ɐȤȪɞȹȨɍɫȮĘژْด૜ҙӹ߿ăژϝ৕ࣵþ
৕ܲࣵǗȕȀ৕μࣵȟරǦȘաߦࣵڐೠǻ͑޿ěژْด௧ڐɗɭȻȹǻЭ௧ěࢄฝ஫Λࠖซ
ɗɭȻȹǻѐต
(2) ߅৻׾ԤĦĦѶħȗȒǓǨǚħ, 2005உ, 1049ൎΥ, ϑ୨ܬଚ൚ǻ૊ෟࣵଗǸҸǦȘ׾Ԥ
(3) ߅৻׾ԤĦցߑϑ୨சդ׾ԤȻɳȿĘħ, 2005உ, 750ൎΥ, ฿ܬܶǢþ࢓ౠܶǢଗൔฆෟɐȤ
ȪɞȹǻࠉҤĂฆෟȷȹɆɠǻЭ௧
(4) ߅৻׾ԤĦցߑϑ୨சդ׾ԤȻɳȿĘħ, 2005உ, 300ൎΥ, ୪ցߑ௢܂਱͐ǸǗǞȘȼɭȨɟ
ɃȷɧɳֹȫȹȱĘɉฆෟȷȹɆɠǻЭ௧
(5) ߅৻׾ԤĦĦୄħϮњӹ߿ࢠՙӟٳħ, 2005உ, 130ൎΥ, ࡒ੓௎ǻ୹ܲ௧ڐǸȕȘ̪ϥǴɗɭɐ
ȤȪɆȣȯȹْϰǻژǑݦอǻअনǸҸǦȘޒෟϡ׾Ԥ
(6) ߅৻׾ԤĦցߑૣӹЭ௧ĦѶħħ, 2005உ, 117ൎΥ, ஫ȷɭɃɗΛԘȀӪьвசܬಞǘȖǻ஍อ
ෟȨȿɎĘɫअনǸҸǦȘ׾Ԥ
(7) Ϯњӹ߿ࢠՙੴࣸ఩Ħ֡മ৫њ৩౓ăৰशरऀħ, 2005உ, 3420ൎΥ, બޑӟ஗ǻఱऀಞњૈ౔
ϥǵТॗӹ߿ǻ׹ଠ
(8) Ϯ׾఩ĦӐఏ׾ԤA, ৩౓ăৰशरऀħ, 2005உ, 90ൎΥ, ғѥબૃǻఱऀಞॷǗȕȀ৩ޥ௷τ
׉ǻЖग
(9) Ϯ׾఩, 2005உ, 170ൎΥ, ࡒ੓ࢄฝ஫ΛරْฆෟǻǬȎǻ٩߀ᔢѪࣶࣵಠǻЖ൰
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(10) Ϯ׾఩, 2005உ, 150ൎΥ, ɡȿɳ௧ڐঋ୞ǻఱऀಞՂऀ׉ǸǗǞȘۭ೸Ҷૣ݄૟ਅ׉ǻЖ൰
(11) Ϯ׾఩, 2005உ, 90ൎΥ, ࡒ੓௎ǗȕȀࡒ੓௎ǘȖअনǤǬࢆনࣇǙරǦȘɞȦȹ؟ֻ߀ᔢǻণ
ࢍ෬ࣱӟࠦǻЖ൰
(12) ٟњಊϮњ׾Ԥࣶࠣ, 2005உ, 180ൎΥ, ࢄฝ߂ௌ߂अনٟસǘȖ஭߾ǢșȘ௧ڐ஫௎ǘȖǻ஍
อෟȢɫȳĘɫǻऀܬ
(13) ׾Ԥ࠵๑఩ĦȤɳȻɳɆȣɖħ, 2005உ, 150ൎΥ
(14) Ղଭ׾ԤĦࣚ৯ĦѶħħ, 2005உ, 900ൎΥ, ȼɭȨɟɃȷɧɳࡒ੓Ă׬٥ࣇअনӹ߿ǻޒࡦǵݨ
դϡ
(15) Ղଭ׾ԤĦ൨ଅ߂নĦѶħħ, 2005உ, 400ൎΥ, ࡒ੓௎ǘȖǻӟ஗ࣵͣอĂ࢓ౠǻЭ௧
(16) Ղଭ׾ԤĦĦѶħɐȤɕȡħ, 2005உ, 215ൎΥ, ڐೠ஫Λࠖซೱೳǻ׹ଠ
(17) Ղଭ׾ԤĦଊԼȬȹħ, 2005உ, 150ൎΥ
(18) ୸മ߂ন८ڝੈρЕ, 2005உ, 100ൎΥ, ಺ࡒ੓௎ǗȕȀ಺ࡒ੓௎ǘȖअনǤǬࢆনࣇǻӟ஗ࣵ
ěੴێ׾Ԥ
(19) ૲݆ȨɪȢܬњґ๬ׂ঩ࢴݨդ, 2005உ, 164ൎΥ, ɐȤȪɞȹǻْดࠖซӹ߿ǻѐต
(20) ̹୾׊ซվĦ୪ڧՙܬĦѶħħ, 2005உ, 100ൎΥ
(21) ̹୾׊ซվĦĦѶħȨɫĂȷĘĂȨĘħ, 2005உ, 200ൎΥ
؝श׵ݳ
½Ϯ׾఩ýӐఏ׾ԤĦBħ540ൎΥ
½Ղଭ׾Ԥă·؎अ܂࠘ý200ൎΥ
½࠵њӓಃվ
ȢȵɒɓĘɫý100ൎΥ
ȯɩɬýýýý100ൎΥ
ȿȯɞýýýý100ൎΥ
ȪɫȬɎýýý100ൎΥ
୸ตনोýýý 30ൎΥ
शΡ೑ଽ
Ăआૢ૒ٟ׾ԤӐվ, 2005-2006 உ, 110 ൎΥ, ऀಠЖࣵɗɩȹɁɃȯݣϡࣵਈ੄ۭչǻߦङĂಠฑ
ǵࡗܲࣵ੄७ࠪԬȅǻฆෟǸҸǦȘ׾Ԥ
ଆૢýࠑ
ᰑ Ϯ׾఩
ĂӐఏ׾Ԥ(A)Ħ1ħಳࣶ14-17உ૷ýܥ৒Ӑఏӄ਱Ϡ࣏บବǻޒ৚Ж൰ǵǪǻ࣏ݣؓૈ౔ϥ.ý
ýଆૢýࠑĦ৩౓ħþૢੈýࣽþ੹਍ӿภþ਍ٕࢩࢷþ૮۸ைڊþଽΐೲ࡙þઔীࢩӬþϜૢස
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ý͔þ࠺ඞݭࢩ͔þԚϐഀ୾þؽଟੋফþࡊૢைӬþ46100ऱΥ
ĂӐఏ׾Ԥ(B)(2)ýಳࣶ 16-18 உ૷ý஫ӞಞࠖಠǸҸȜȘ̪ग़ࣵ׹ଠǻǬȎǻήҿ਱ױ͐਱Ϡ࣏บ
ବȷȹɆɠǻਗێӹ߿Э௧āଽΐೲ࡙(৩౓)þ຅शߒ͔þଆૢý ࠑþ৫ԕ೑ঢ়ഀþ20000ऱΥ
ĂӐఏ׾Ԥ(ƛ)(Цвњ߿ੴێ)ý ಳࣶ17Ĺ19உ૷ýଊȢȸȢήҿ͐ǸǗǞȘ਱Ϡ࣏บ߾Ǹ௴Ǔਜ
७ĂΏ෪μ์౿Ͻุǻ౔ϥā਍ٕࢩࢷĦ৩౓ħþѹऀࠁ׃þଽΐೲ࡙þԚϐഀ୾þ੥ý ཟþଆ
ૢýࠑþ࠺ඞݭࢩ͔ý 8900ऱΥ
ĂӐఏ׾ԤĦCħಳࣶ17Ĺ19உ૷ý ɞɫɁĂɈɬĘȵĘ޺ೳǸȕȘบ࣏͐ĂಞޑࠉҤɗɭȻȹǻ
ɢɇɫϡǸҸǦȘ׾ԤāýઔীࢩӬĦ৩౓ħþଆૢýࠑý3500ýऱΥ
ĂӐఏ׾ԤĦAħಳࣶ17Ĺ20உ૷ý ̓ࡻҶמ࣏̝ॾǻ௧ऀĂࡱࡆɡȫɋȺɠǵ٣͐਱Ϡ࣏บବþ
ݻख़ۦдǸԘȉǦΌ՝ýૢੈຌ٣Ħ৩౓ħþԚૢ෈͔ຄþऱඊีБ٦þଽΐೲ࡙þڷϐࡔӎþ
ੈૢΗ୯þଆૢýࠑþվदසܼþघૢýӡþன؎೑૓þ38600ýऱΥý
½೺Ў׾Ԥýಳࣶ17உ૷ýҶמ࣏ੈǻμ७̪પଭ̴৒ఞȟෟǑǬ੶੹Ӝ਱ޑҤՉ̪પࣵ౔ϥӹ߿
ǻЭ௧ýଽΐೲ࡙(৩౓)þଆૢýࠑý4950ýऱΥ
ᰒýǪǻূ
Ă૲ࡷ݆߅৻׾Ԥ఩ý2005உ૷þ৩౓ý500ऱΥĀĴ૲ࡷറ਱ǻ਱Ϡ࣏บବĂࠉҤӟٳЖगĵ
Ăওڝ਱ԣҤՉњ׾Ԥ࠘ý2005உ૷Ղଭ׾Ԥþಠਖý500ऱΥĀĴ૲݆ǻ਱ϠҤՉǸܶȘࢷҶѪବ
ǻΌ՝ĵ
Ă؎݄฻ҤՉࣸయ঩ࢴĂݣվҩซȻɳȿĘý਱ॾࠖಠ߳෥Ӑ३ӹ߿׾Ԥੴێý 2004-2006உ૷ý150
00ऱΥýĴ৓ङӄ਱͐ǸǗǞȘμਚՉШǸҸǦȘ׾Ԥĵýଽΐೲ࡙(৩౓)Ăଆૢýࠑ
ĂݣؓĂ७۴њЕþࢦಊ਱ޑҤՉੴێЖगӹ߿৒׉ϡ̹͟Еý ߅৻׾ԤýĴ਱Ϡ࣏ǻ਱ԣϡњૈ
ੴێǸҸǦȘ׾Ԥĵþಠਖý1318ऱΥ
ĂषธૈӐ३׾Ԥ࣎ࢴݨդ׊఩,2001-2006உ૷,ĴഞଊȢȸȢࢌऀ೅॑͐ǻ࣏ࠉҤǵऀಞĂ৫Ӣױ
ǻঐط܂ෟǻЖ൰ĵ,ࣣૢ฽൰(৩౓)Ȉǘþಠਖ,255017ऱΥ
Ăэ஍อȵȤȯɫӟٳरਞӐ३׾Ԥࣶࠣ ಳࣶ17-19உ૷ýμ७̪પଭ̴৒ఞȟෟǑǬ࣏ซ਱ޑٳন
ɢɇɫ౔ϥӹ߿ǻЭ௧āଽΐೲ࡙(৩౓)þଆૢýࠑþ͎࢖ස୯þ࠺ඞइþý9000ऱΥ
Ă̹୾׊ซվý3שýĦ2450ऱΥħ
࠺ਵýڤ൰
ĂӓಃվăൡҶӋդȕȗב 3,800ऱΥ
ĂՂଭ׾Ԥ఩ăڧตէ਱׾ĂԼ૲৫њഛۦ׾Āב 250ऱΥ
Ă୸മ؎݄฻׾ԤЭ௧ӟٳरڊӐ३ٟњ׾Ԥăۢ৶Ħಳࣶ 18உ 3רħĀ3,000ऱΥ
Ă(۶)୸മڑդࢠՙЕݠ؋׾Ԥăۢ৶Ħಳࣶ 18உ 3רħĀ700ऱΥ
ৰशࣾ
ýᰑýϮ׾఩
ýý1ħৰशࣾĦ֡৫৩౓ħāಬಊϮњࡖϮњӹ߿ࢠՙੴࣸ఩ă߳෥Ё৮Жעֹ׾ԤĀ
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Ĳර൰ЦऀಞऀভҤՉǻ౪໪ᕰֹۚऀǵޒࡦݠ؋ (17உ૷ 126,194ऱΥ).
2) ৰशࣾĦ৩౓ħ.Ӑఏ׾Ԥ (A) (2)͔ఄ.ಳࣶ 14ĝ17 உ૷ý 53,040 (ऱΥ).
Ĳර൰ЦғѥҤՉǻЗಒĂͅݯೱ܊ǸҸǦȘ׾Ԥĳ
3ħৰशࣾĦಠਖħ. Ӑఏ׾Ԥ (B) (1)͔ఄ.ಳࣶ 17உ૷ý 600 (ऱΥ).
ýýýĲઅ஢Ăژ੬Ăٵ࣏௽ขǻಗڝɏȶĘɉɞɃɗĳ
ᰒ࠵њӓ౫վ
Ɣשýý2,000,000ΥĦήҿ͐ҤՉϮњՑ͑׾ԤȻɳȿĘĂՑ߈Ąৰशý ࣾħ
ýᰓՂଭ׾Ԥ
1ħৰशࣾāĦȢȸȢɗɩɳɋɳȰ᳎ħಳࣶ 8ĝ׋ষੈ.420 (ऱΥ)/உ.Ĳර൰Ц͐ǸǗǞȘݻख़
ҤՉǻ౔ϥǵ೑ग़ǸҸǦȘ׾Ԥĳ.
2ħৰशࣾ.ĦЭࣶٟդѶހЕޢħ.ಳࣶ 8ĝ׋ষੈ.420 (ऱΥ)/உ.Ĳฒ࣏บ୺Ǹ௴Ǔර൰Ц͐ǻ
ಞޑบବǵǪǻࣱؾĳ.
ࡷࡈ૓
ĂൡҶǵǻՂଭ׾ԤĦܢ͎վ঴ڑդѶހЕޢħþ0..2+0..3 உþ0.. ൎΥþɕɃϡಞȤȪɳǸژ
ॐ৶ࣵǻԙੇ۲Э௧
ϳ؎ࣽঢ়
ýϮњ׾Ԥ఩೘ࠣվĦӐఏ׾Ԥ(C)(2)ħ৩౓Ā2004-2005Ā100ൎΥ(ಳࣶ17உ૷ಠ)Ā
ýܲࢥ߾ę઀ૠಠฑೳǸȕȘෝ෉బЧǘȖǻරϥվ঴ǻЗߍ
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ಳࣶƑƘஉ૷ǻ׾ԤבЌз෥ǸǱǑǳ
&?' ҤՉξिಞޑǻऀಞɢɋȿɪɳȰȰɫĘɗ
½ंউǸǗǞȘȢɝɈĘȷȹǻӟٳǸǱǑǳสऀ์ȟɢɇɫǵǤǳþɪȬɳɉǙǶǻȕǓǸǤǳ
߅ු৒ȟѪࣵϡǦȘǘþۭ೸୞ǴǶǻȕǓǸȷȰɊɫǙ૟ȜȘǘþݒǻޒڊЅસǼǶǻȕǓǷ
ȏǻǘþǸǱǑǳੴȆȘÿȋǬþҤՉୃࣵಞޑǻंֻ݄ࣶǸ৔ǦȘΌ՝ȟสऀ์ंউஷ෪׉ȟ
ෟǑǳੴȆȘÿ
½Ώ෪סഅǸȕȘɕȣȳɓɪȽĘɠಠЖǸଫǜɗɭɆȢĘȼ͌૟݄ǻଭપăؕݰ૞ǴǼĀȹȵɓ
ɎɪǘȖǼ੄७סഅǸȕȗහଯǢșȘ෣฼৒̈́ڊֹɗɭɆȢĘȼ͌૟݄ǼಠฑǴǚǳǑǷǑÿ
ơ18உ૷ǼĀ෣฼৒ȲɎɠȑȹȵɓɎɪESTǸȌȖșȘമஉ૷ǼൔЖगǴǏǰǬɗɭɆȢĘȼ
͌૟݄ǸǱǑǳ׹ଠǦȘÿ
½ڷЗǼޒ؋ތ୞Ǵஷ෪ǤǬȹȵɓɎɪȟܺෟǤǬÿܺෟǤǬ۴อǙऀุ߳Ƒƺ̲Ϡǵ࠻ุǴǏ
ǰǬǬȎĀরપं૷ȟژȎȘǬȎǸH18உ૷ǴǼǢȖǸৃุǻ۴อȟෟǑǳরપȟڊǷǓÿ૒Ā
̉κĀɞɳȬɳסഅ̲вǻվ঴סഅȑվ঴Ѕ߳ǻْϰǸǱǑǳȏ׹ଠȟڊǷǑĀ௷ޝȹɚȯɈ
ɫȟෟǑǳȹȵɓɎɪǻ߳վ঴τଘ஗ȟ൰ȖǘǸǦȘÿ
½Ĳऀಞৃෛࣵǻ೑ग़ĳǴǼĀ׾Ԥ৔ࡩ਱ȟণȑǤĀબऀବಞऀভ਱ǵǤǳǻήҿ͐ǻੴێೱೳĂ
౔ϥೱೳǻ׹ଠȟڊǓāȋǬĀɊɡȯȸȦȪȑɏȯȻɳȷȪɞɍȭǻ׾Ԥȟ׋ষǦȘূĀμࣵ
ގ਱ǻЯ์ǷȖȀǸȫɋ์ǻ೑ग़ӹ߿ǻЭ௧ȟڊǓāĲ࣏ܬݣؓǻݯষૈฆෟĳǴǼĀɏɞȰ
ɪȟɢɇɫǸ׾Ԥȟ׋ষǤĀݣؓҩซǸూ෥ǷӐ३ɇĘȿȟߍߦǦȘā
&@' ҤՉξिಞޑǻɐȤȪĂɬɡɇȤȨĘȷɧɳȰɫĘɗ
½ޒ஫࣏ȟ৔ࡩǵǤǬ Anammox ࠖซݠ؋ȟڊǑþAnammox ǻޒෟϡǸඌࠖȟǱǞȘǠǵȟඌ
ૈǸ׾ԤȟڊǓÿ֍৒ૈǸǼþژக૷ NH4-N Ҿර஫࣏ǵǤǳþਾܬ஫࣏ǻ׳ӢࣵࡏϡਈฑΛ
ȟ৔ࡩǸþAnammox ǻॖࠖซǵǤǳǻಊಠ̉ࡗܲࠖซǵþಊಠ̉ࡗܲࠖซΛȟ৔ࡩǵǤǬ
AnammoxࠖซȟəɳɁȹȱĘɫǻࠖซݠ؋Ǵ׹ଠǦȘÿ
½ҤՉ౿ϽǵǷȘෛĕǷරӟ׉஫Ӟಞǻɡȿɳ௧ڐȑȨȿɎĘɫ௧ڐȟฆෟǤǬරْฆෟӹ߿Ǹ
ҸǤǳ׹ଠǦȘÿȋǬþ࢓ౠȑࢆনٟસǘȖ஭߾ǢșȘරӟ׉ɐȤȪɞȹǘȖӟ஗ࣵ࢓ౠȟअ
নǤþǪǻऀซѪࣵȑ܂ෟӟٳȟ൰ѐǸǦȘǠǵǴژ౫ϧϥਯϡȟඌ݊ǦÿǠșȖǻӹ߿Ǹȕ
ȗþ߬෶ǻੈҶࠖಠŤശตࠖಠǵǑǰǬӛ়ǻࠖซӹ߿ȟฆѪෟӹ߿Ǹ೅ҙǦȘǠǵǴþฒࡱ
౿Ͻǻהؒȑ਱ԣϝਪϡഛݑǸǱǷǟǬǑÿ
½PHB ݣϡࣵਈ੄ۭչ K2F ѶǻਓฑǸّࣶǤþǪǻҤՉ࣏Ă஭࣏ࠖซȅǻ૊ෟϨ஗ࣵǙݸǢș
ǬǠǵǘȖþಳࣶ 18 உ૷ǼþPHB ȟਜ७ؓǵǤǬࡗܲਈ੄ǸҸǦȘЗಠޒ؋ǸȟޒݎǤǳӐ
३ɇĘȿȟߦङǦȘǵǵȏǸþK2F Ѷȟژக૷ǸߦङǤþPHB ȟਜ७ؓǵǤǳԽԩǴǚȘɪ
ȢȯȿȷȹɆɠȟٳ਽ǤþPHB ȟਜ७ؓǗȕȀૣ݄Խ෍৒ǵǤǳෟǑȘژলǴણȳȹɈǻ๬
ষࡗܲࣵ੄७ࠪԬӹ߿ǻٳ਽ǸȍǞǳ׾ԤȟࢴȎȘ෋પǴǏȘÿ
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&A'ήҿ͐ǻ࣏ҤՉǻ౔ϥȰɫĘɗ
½Ц͐ǸǗǑǳǼþત৞ࣵਚ࣏਱Ϡ࣏ǻࣶต؎͠ǻЖ൰ȟþȋǬؓบ͐ǸǗǑǳǼ੊࣏ࣵ਱Ϡ࣏
ǻࡏ੹ǵڕͱĘบ߾ЅસǻҸֲȟ਱ԣಞซૈǷরપ޺ೳȟෟǑǳЖ൰ǦȘǠǵȟבЌǤǳǑȘÿ
ȋǬþɈɪɁȦɠরપǸȕǰǳ൰ȖǘǸǢșǬบ͐୞ǻƕƐஉȕȗ޳Ǒஉ৩ǻ਱Ϡ࣏ǻٯǸࡨ
ۭǷஉ๜ȟஞ̖ǦȘǬȎǻࢡǬǷஉ৩রપ޺ೳǵǤǳ CFCĦෝ়ɕɭɳħȟෟǑǬ׾Ԥȏþ
޺ǙǞǳȓǜ෋પǴǏȘÿ
½ҤՉþഛۦĦؒۦħþҤՉǵഛۦǻੴຌþ̪࢞Ă̪ग़ǴѪǚѪǚǤǬ਱͐ޢЕǲǜȗþȟඌ౎
ǵǤǳ 17 உ૷Ǹ͢ǚষǚþङէૈǷ׾Ԥ૖Эþࣷ܊܊પ݊ଯǷǶȟ׋ষǦȘÿିǸþ17 உ૷
Ǹۢ৶ǢșǬ੶৫ֹ׾ԤɗɭȸȧȯɈĦಬಊϮњࡖǻϮњӹ߿ࢠՙੴࣸ఩Ĳර൰ЦऀಞऀভҤ
Չǻ໪ᕰֹۚऀǵޒࡦޒ؋ĳħ׾Ԥȟੈ࢞ǸĲර൰ЦĂ௤৩ЦǻۚऀĳȟɆĘɞǸङէૈǷ׾
Ԥ૖ЭȟڊǓÿ
ĂƑħΘࣹɪɢĘɈȻɳȷɳȰăЦർϝ૷̲вǸЦ࣏ȑϳश࣏ǻۂ৽૷ĀࢌಞɗɩɳȯɈɳุǵ
ýǑǓ৩౓ૈǷҤՉ݄͠Ǹ੏ඌǤĀǪǻݰ֑Ҷಠ౱ȟ LANDSATЌঢȑ Terra/ASTERЌঢǸǗ
ýǞȘಗࣞǻɐɳɉɇĘȿǻৃ೅ุЖगǸȕǰǳੌ߾ǴǚȘ޺ೳȟڃ̮ǦȘÿғѥݠอǻ௷ޝȹ
ýɚȯɈɫরપǘȖ଼ȖșǬ৩౓ૈǷ 3ǱǻɑȿĘɳǸ৔ǦȘڑಞ८ࣶȟ൰ȖǘǸǦȘÿ0ħࣞ
ýซɢɇɫă࣏ϝȑΏ෪μக૷Ǹμಠக૷ǷǶǻূǻ࣏ޑҤՉɇĘȿȏϧǕĀ3ݱ؍ૈǷҤՉɇ
ýĘȿǻݰ֑Ҷɢɇɫ܂ࣶĀǗȕȀҤՉ೅ϡ݄͠ǻੌ߾ȟࢴ૖ǢǨȘÿƓħ਱ݷӢĹ਱ૣบבরă
ýMTೳǸȕȗĀ֡മಳඞߎ೉ǻ਱Ϡٳন࣎પȟࢴȎĀᏟ෪͐ǘȖบ߾͐ȋǴǻ਱Ϡ࣏׉ǻग़৒
ýঢȟ൰ȖǘǸǦȘÿǢȖǸĀЦબૣӢਗێǻরॆȟઉϧǤĀර൰ЦબǸල࣏ǦȘ਱Ϡ࣏ǻ׊๳
ýȟఞ઱٩ಠ౱ǘȖࡨۭǸ࣎પǦȘÿ
ĦBħఱุҤՉξिಞޑǻપุ
½վ঴ȤȪɳਖݯ୯ґ஗ࣵȭɬĘɈेͅȟෟǑǳþμϡಞȤȪɳþพܲȤȪɳǻഊдǙьਬǸ
ýý࠻Ƿǜԙੇল૷ȏࣁলǷɒ७ԙੇ۲ȟЭ௧ǦȘÿ
ĂýۛߘࠖಠࡸǴǻҩซࠖಠȟ෌ӵǷǜǢșǳǑȘþି޼ړअনݰǸ௧ऀǦȘబЧǻ൥дϡǸǱ
ýýǑǳ׹ଠǤþ͔๬ǻɀȹɈǘȖǻվ঴Зߍǵ൥дϡǸҸǦȘ׾ԤȟڊǓ෋પǴǏȘÿ
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൲঵&,ైஶڽף঵үඦݥ
ڽףӀભอ¾գ؈ѽ৾൝ࡐƶি൝ȝȆǺȥȮǫ
ࣗੳ½ࠒอ¾໊ԙ൉໊ԙҭ½ෝ๝ګ½ϩ൉ᘛГ
&#ڽף๋இ½๋഍
=&*ైஶØ'ŌైஶƳƒƙǓ๋இ½๋഍
¸Ҳ৵ǌӥƳ੻޲ơǓգ؈ѽ৾൝ࡐƶଇƯ¹௾ƳఝൟೞڈƳы؜ǚຌƐǓҠԙ൝ࡐƶƛư
ǚఝൟೞԊຽ൝ࡐư۝ƾºƛƶఝൟೞԊຽ൝ࡐƔחǄơি൝ǀƶ߁ພ֞ܲƳƬƌƮƷณƨ
ƳฯǑƓƳƝǔƮƌƲƌƧǉ¹๺ܑƲȝȆǺȥȮǫǲǴȁțƶӬದƳƷࠛƫƮƌƲƌƶƔ
۔ीƯƊǓºƥƛƯ෭ڽףƯƷ¹ఝൟೞԊຽ൝ࡐƔחǄơি൝ǀƶы؜ȜǦȆǵțǚฯǑ
ƓƳơǓư௬࠯Ƴ¹Ҳ৵ǌӥƳ੻޲ơǓఝൟೞԊຽ൝ࡐǚ੒ݜஇƳഓҤƯƕǓি൝ȝȆǺ
ȥȮǫǲǴȁțƶӬದǚǉƞơºǆƢ¹ఝൟೞԊຽ൝ࡐ¹௾Ƴࣤ঴ȖȦȝȮǣǴȃȨǭ
Ȯ¹૬঴ȖȦȝȮǝȮȄȨǭȮບ൝ࡐƔחǄơি൝ǀƶы؜ǚଳǁ¹߁ພ֞ܲǚฯǑ
ƓƳơǓº࠰Ƴ¹գ؈঎ƳƱƶǐƎƲ߁ພǚ࠮ƬఝൟೞԊຽ൝ࡐƔંƗսǆǔƮƌǓƓǚ
ଳǁǓƧǉƶݗՕஶƲি൝ȝȆǺȥȮǫǲǴȁțƶӬದǚǉƞơº
=&,ైஶƶ๋இ½๋഍
෭ైஶƷ¹ఝൟೞԊຽ൝ࡐƔחǄơি൝ǀƶы؜ǚӕฯơǓƧǉ¹๺ฯӥƲƱƯǊݶƲ
ƒڸࢽƝǔ¹ܨǝȮȄȨǭȮ߁ພƔּǗǔƮƌǓp,p’-DDEƔি൝ǀƱƶǐƎƲы؜ǚח
ǄơƶƓǚฯǑƓƳơǓƛưǚ๋இƳڽףǚ݉ƫƧºӉÐƷ¹գ؈຤ПƳઓƟƮՕࢄ঴ƶ
ݗƌӥ߫׸ƯƊǓȍȤȜáEVgVa^X]i]nhda^kVXZjhâƳƒƌƮ¹ǣǴȃȨǭȮ¹ǣǴȃȨ
ǭȮບ൝ࡐ¹ǝȮȄȨǭȮ¹ܨǝȮȄȨǭȮޱƔחǄơ঴ൟҠǀƶы؜ǚơƯƳӕฯƟƮ
ƌǓƛưƓǑ¹ƛƶȍȤȜǚພƌƮp,p’-DDEƶы؜חƻ߁ພ֞ܲǚଳǁƧº
'#൲঵&,ైஶƶڽף঵ү
˄׸་ƶ঴ڡ୩½঴ൟҠƶൟࠃ֞ܲ
¸ӉÐƷ¹MM$MN ٸƶ঴ڡ୩Ћஞࠃٸǚ࠮ƬȍȤȜƳƒƌƮ¹ࠤǀƶ঴ൟҠƳಳƌದ۔໷
ƔरअơǓПࠃưƟƮǝȨșǺÓǷ(P450arom)ǚ¹ງǀƶ঴ൟҠƳಳƫƮದ۔໷Ɣरअơ
ǓПࠃưƟƮȚȠȤÓըຫরПࠃ(MIS)ǚ௬୩ƟƮƌǓº෭ڽףƯƷ¹P450arom Ћஞࠃư
MIS Ћஞࠃƶ 5’र໙Џǚ૒໐ƟƮӕ৖Ɵ¹ƛǔǑƶದ۔র۽ǚ݉Ǝ܌඗Пࠃǚ௬୩ơǓ
ƛưǚࠟǇƧº໩ࡣƶ 5’र໙Џƶѻ֏౴༞ǚӕ৖ƟƧڤү¹ࣺƲƗưǊ P450arom Ћஞ
ࠃƳƷ 2 ȱࣗ¹MIS ЋஞࠃƳƷ 1 ȱࣗƶ Ad4 ౴༞(஛࡛Пࠃ SF-1ǌ LRH-1 ƔڤݜơǓ౴
༞)Ɣ੻޲ơǓࠧƔฯǑƓƳƲƫƧºƥƛƯ¹ڤݜౖǚ࠮ƬƓƱƎƓଳǁǓƧǉ¹ȍȤȜ
SF-1ǆƧƷ LRH-1ư Ad4౴༞ƔڤݜơǓƓƱƎƓǭȦǲȐȃǝǾǶǟǚພƌƮӕ৖ƟƧº
ƥƶڤү¹P450aromЋஞࠃƶ 2ȱࣗ¹MISЋஞࠃƶ 1ȱࣗƶ Ad4౴༞Ʒ¹ȍȤȜ SF-1ח
ƻ LRH-1ƶ໩ධưǊڤݜơǓƛưƔฯǑƓƳƲƫƧ(ই 1)ºƛǔǑƶࠧƓǑ¹஛࡛Пࠃ SF-1
חƻ LRH-1Ʒ¹P450aromחƻMISƶದ۔র۽ƳշຌƟƮƌǓҧౖ঴Ɣ݂ƐǑǔƧº
12
¸¸¸¸¸¸¸¸¸
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ôóôôôóôô
óóóôôôôô
ôôôóôôôô
óóóóóóóó
complex
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ôôóôôóôôóônegative control
ô
ó
ô
ó
ó
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ô
ô
ó
ó
óôôóóôôôLRH-1
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Dig-Ad4like
ôóôôôóôô
óóóôôôôô
ôôôóôôôô
óóóóóóóó
complex
SF-1 LRH-1
(A)
(B)
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ই.1¸SF-1¹LRH-1ư Ad4౴༞ưƶڤݜౖƶӕ৖áǭȦǲȐȃǝǾǶǟâ
¸¸¸(A): P450aromЋஞࠃƶ 5’र໙ЏƳƒƙǓ Ad4౴༞ƶڤݜౖ
¸¸¸(B): P450aromЋஞࠃƶ 5’र໙ЏƳƒƙǓ Ad4་ࠨ౴༞ƶڤݜౖ
¸¸¸(C): MISЋஞࠃƶ 5’र໙ЏƳƒƙǓ Ad4౴༞ƶڤݜౖ
˅ȍȤȜ঴ൟҠƳຌƐǓ p,p’-DDEƶы؜
¸ȍȤȜ঴ൟҠƳƒƙǓ p,p’-DDE ƶы؜ǚฯǑƓƳơǓƧǉ¹XX ȍȤȜǚݗ঎Ҝ໊ࣕ
ƳǐǒງǀưൟҠ຃௮Ɵ¹঴ൟҠ࠯֛Ƴ p,p’-DDE ǚேຌƟƮງҠƔຫরƝǔǓƓƱƎƓ
ଳǁƧºධ඲Ʒ¹ష༛ 37-100షյ¹27ஶࠥАҟƯ p,p’-DDEǚ 0¹10¹100 µg/gࠥ໬ƶ౔
ஶƯډܔேຌƟ¹ష༛ 300షƶ঵׸ƶ঴ೝǚଳލƟƧºƥƶڤү¹p,p’-DDE౔ஶ 0¹10¹
100 µg/g ࠥ໬ƳƒƙǓງƶԥݜƷ¹ƥǔƦǔ 73.3¹25.0¹16.7ĊƯƊǒ¹p,p’-DDE ƶ౔ஶ
ϴ੻இƳງƶԥݜƔۑࣺƟƧ(ই 2)ºƛƶƛưƓǑ¹p,p’-DDE Ʒݗ঎Ҝ໊ࣕƳǐǓງǀƶ
঴஛՘ǚຫরƝƣǓƛưƔൟƓƫƧºǆƧ¹ష༛ 100షƶিौਈƳƒƙǓ঴ൟҠշ༫Ћஞ
ࠃƶದ۔ǚ RT-PCR ƳǐǒଳǁƧºƥƶڤү¹27 ஶࠥАǚ݉ƫƧ XX ȍȤȜ(3 ۛઑ)ƶি
ौਈƳƒƌƮƷ¹ơǁƮƶۛઑƯ P450arom Ћஞࠃƶದ۔ƔీǉǑǔƢ¹MIS Ћஞࠃƶದ
۔ƔڸࢽƝǔƧƶƳઓƟƮ¹27 ஶࠥАҟƯ p,p’-DDE ໊ࣕǚ݉ƫƧ XX ȍȤȜƯƷ¹2 ۛ
ઑƯ P450arom Ћஞࠃƶದ۔ƔڸࢽƝǔ¹ƥƶۛઑƯƷ MIS Ћஞࠃƶದ۔ƔీǉǑǔƲƓ
ƫƧ(ই 3)ºƛǔǑƶƛưƓǑ¹p,p’-DDE Ʒ P450arom Ћஞࠃƶದ۔ǚ຃௮¹MIS Ћஞࠃ
ƶದ۔ǚຫরơǓƛưƳǐǒ¹ࠤҠǚ຃௮ƟƮƌǓƶƯƷƲƌƓư݂ƐǑǔƧº
ôôôôôôónegative control
ó
ô
ô
ó
ó
ó
ô
ô
ô
ó
óôôôôLRH-1
SF-1
mutAd4
Ad4
Dig-Ad4
ôóóóô
óóôôô
ôôóôô
óóóóó
complex
SF-1 LRH-1
(C)
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¸¸¸¸¸¸ই2¸p,p’-DDEƶډܔேຌƳǐǓXXȍȤȜƶ঴ೝ
¸¸¸¸¸¸ই3¸RT-PCRƳǐǓ঴ൟҠշ༫Ћஞࠃƶದ۔ӕ৖
05Ŋ
51,1
03,.
/4,5
74,6
04,5
53,.
61,1
1,0
.#
0.#
2.#
4.#
6.#
/..#
amlrpmj amlrpmj /.ʚe-ebgcr
n*nģ+BBC
/..ʚe-ebgcr
n*nģ+BBC
ņ
Ņ
l;1/ l;20l;2.l;1.
/6Ŋ
CD+/
&03awajc'
KGQ
&03awajc'
?P
&13awajc'
?P
&13awajc'
?pmk
&1.awajc'
/6Ŋamlrpmj 05Ŋamlrpmj n*n%+BBC&/..ʚe-ebgcr'
&13awajc'
JPF+/
&2.awajc'
QD+/
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ˆ׸་ƶ^ck^igdഓҤڈǚພƌƧp,p’-DDEƶ߁ພ֞ܲƶӕ৖
¸߅ైஶǆƯƳԏ໔ƟƧ׸་ƳƒƙǓఝൟೞƓƗຽ൝ࡐƶ ^ck^igdഓҤڈǚພƌƮ¹
p,p’-DDE ƶ߁ພ֞ܲǚӕ৖ƟƧºǆƢ¹ǣǴȃȨǭȮ҃ௗȧȘÓǺÓǝǾǶǟǚ݉ƫƧ
ڤү¹p,p’-DDEƶ౔ஶϴ੻இƳȧȘÓǺÓԩ঴ƔरअƟƧই )6ºƛƶƛưƓǑ¹
p,p’-DDE Ʒ¹׸་ƳઓƟƮǣǴȃȨǭȮԩ঴ǚ࠮ƬƛưƔฯǑƓƳƲƫƧº࠰Ƴ¹ǝȮ
ȄȨǭȮ҃ௗȧȘÓǺÓǝǾǶǟǚ݉ƫƧڤү¹&%"*B ƶ p,p’-DDE ƯȧȘÓǺÓԩ঴Ɣ๺
ϼƳۑࣺƟƧই )7ºƛƶƛưƓǑ¹p,p’-DDE Ʒ¹׸་ƳઓƟƮǣǴȃȨǭȮԩ঴ƳҦ
ƐƮܨǝȮȄȨǭȮԩ঴Ǌ࠮ƬƛưƔฯǑƓƳƲƫƧºƛǔǑƶࠧǚ੒ݜƟƮ݂ƐǓư¹
p,p’-DDE Ʒ׸་ƳઓƟƮપ඄؊ƌࠤҠ߁ພǚ࠮ƫƮƒǒ¹ȍȤȜƳઓƟƮǊࡑۊȧȔȦ
ƯƷࠤҠǚ຃௮ơǓƛưƓǑ¹๺ฯӥƲƱƶѭվЏƳি੬ơǓઁƶি൝ǀƶы؜ǊଳǁǓ
ഁ຤ƔƊǓƶƯƷƲƌƓưࠈǗǔƧº
ই4¸p,p’-DDEƳƒƙǓǣǴȃȨǭȮ(A)חƻܨǝȮȄȨǭȮ(B)ԩ঴
¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸(č: Pú0.05)
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'#঵үƶૄ঵ஶ
¸ݶైஶƷ¹๺ฯӥƲƱƯǊݶƲƒڸࢽƝǔǓp,p’-DDEƶы؜חƻ߁ພ֞ܲǚฯǑƓƳ
ơǓƛưƔƯƕƧƧǉ¹๋഍Ʒࢪൟૄ঵ƯƕƧư݂ƐƮƌǓº
(#ݶైஶƶ๓ભƲƱ
¸௾ƳƲƟº
)#ີైஶƶ๋இ½๋഍
&ুੈƳƒƙǓǝȘȃÓǲǴƶ֞ܲƳƬƌƮ໩ি་ǚȝȂȦưƟƮ¹ȥǧȮȄƔƱƶǐƎ
ƳƟƮࢄຓઑǚԩ঴ҠơǓƓ¹ެභఝƯƱƶǐƎƳǲǫȅȦƔஞǗǓƓ¹ࠑƶࡑ݉ӄ୷Ʒ
ƱƶǐƎƲǊƶƓ¹ƳƬƌƮଳǁǓº
'գ؈ం঴൝ࡐƶুࠃٺ঵ƳઓơǓы؜ǚ໩ি་ুੈ౶ຩڈǚພƌƮଳǁǓº
*¼൲঵&,ైஶƶڽף೨ࡷ௻ीؒ
(1)֏೎ڽף(B), 2002-2005ై, 300ญѤ(൲঵ 17ైஶൟ)!ুۍެභƶۑঝൟ༡Ӭࠀ֞ܲ
(2)ඹӍڽף¹2005-2006ై¹210ญѤ(൲঵ 17ైஶൟ)!íઑެභƳઓơǓۑঝൟ༡ƶ຃௮î
(3)৶໗இ਴੧ڽף঍ॳࠧأ(CREST), 2000-2005ై, 400ญѤ(൲঵17ైஶൟ), ׸་ƳƒƙǓ
ఝൟೞԊຽ൝ࡐƶ߁ພȜǦȆǵțƶӕฯ
)௾୩໹Џڽף܏කڽף!'%%*"'%%,ై!()%ญѤ൲঵&,ైஶൟ!Ҝஶϴ੻঴঴ڡ୩
ƶൟࠃȜǦȆǵț
*ࡲࡹڽף7!'%%*"'%%,ై!''%ญѤ൲঵&,ైஶൟ!ȜǻǦƳƒƙǓ঴஛՘඄Ђઑƶӕ
৖ƳǐǓࠤҠ֞ܲ
+ࢄ઺ڽףǝÓǪȥǸÓǴԵ!'%%*"'%%,ై!&(%ญѤ൲঵&,ైஶൟ!׸་ࠀۍিौ
ެභƶ੢ौƒǐƻൟҠ຃௮ƳշơǓڽף
+¼൲঵&,ైஶƶڽףದഒ¹௾׳ीؒ
&ۍଙཉ൫ƳǐǓದഒ
˄¸ݦఝࠠáཋ൫â
ƲƟ
˅ݦްࠠá҇൫â
1. Kitano, T., Yoshinaga, N., Shiraishi, E., Koyanagi, T. and Abe, S. (2006)
Tamoxifen induces masculinization of genetic females and regulates P450 aromatase and
Müllerian inhibiting substance mRNA expression in Japanese flounder (Paralichthys
olivaceus).Molecular Reproduction and Development (In press).
2. Kitano, T., Koyanagi, T., Adachi, R., Sakimura, N., Takamune, K. and Abe, S. (2006)
Assessment of estrogenic chemicals using an estrogen receptor α (ERα)- and ERβ
-mediated reporter gene assay in fish.Marine Biology 149, 49-55.
3. Nakata, H., Nasu, T., Abe, S., Kitano, T., Fan, Q., Li W. and Ding, X. (2005)
Organochlorine contaminants in human adipose tissues from China: mass balance approach for
estimating historical exposure to DDTs by Chinese. Environmental Science and Technology
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39, 4714-4720.
'ۍଙཉ൫ϱӱƳǐǓದഒ
¸¸¸ƲƟ
(3) ܔ௧ದഒ
1. Kitano, T., Adachi, R., Yoshinaga, N. and Abe, S.
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൲঵ 17ైஶڽף঵үඦݥá૒ైஶڽף঵үâ
ڽףӀભอ¾ຩौȉȥॐົƩƳǐǓգ؈ȝȆǺȥȮǫ ¸¸¸¸¸ ¸¸¸¸
ࣗੳ½ࠒอ ¾ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ½ય೯¸ॳ ¸
1. ڽף๋இ½๋഍
H15ైஶØ2ŌైஶƳƒƙǓ๋இ½๋഍
¸ो൝Ʒӱ൉գ؈ƶ඄ҠƳઓƟƝǆƞǆƲ҃ௗǚ࠷ơºƲƓƯǊ»ǣȈȦǩÓি߫ƶषƯ
ƊǓຢ໻ઑƯƷಶ҃ଇढ़ൖݜઑǌǝȮȁȅॐਬൖݜઑƷ܎ऽڨƨƙƯƷƲƗюຩڠහƲƱ
ƶԇࡾǴȃȧǴƳǊ҃ௗƟǻǟȅȚǾǪƲ඄௫ǚ࠷ơºƟƓƟ»໻ॐो൝ƯƷƥǔǑǚܲ
঵ơǓࡶ຤ƲॐਬƔǪȨȨȐǞȦƯƊǓƧǉ»ƛǔǑƶܲ঵঵ൟƶܲ੧඄Ҡǚो൝ƶॐଳ
඄ҠưƟƮƷڸࢽƟƳƗƌº
Гධ»ܽਖ਼ǌȤȮਖ਼ƯƷ»ǝȮȁȅॐਬưƟƮǪȨȨȐǞȦƶઁƳં໷ƶܽॐȐǞǮȎȥ
Ȯ་ǚսǈƧǉãইŌä»գ؈඄ҠƳઓƟંບƲíॐଳ඄Ҡîǚ࠷ơº
¸ȉȥຩौƳ໅ພƝǔƮƌǓܽਖ਼ǴǰȎȉȥƷ»Ӊݦƶӥ঎฻ຩौ߫أƳƒƙǓࢲ຤Ʋࠢ
ےो൝ƶƺưƬƯƊǓºຩौȉȥƶॐଳƷࣱടҤ૮ǚڡ୩ơǓޚǊࢲ຤ƲٺࡐƯƊǒ»ঢ়
ଫƲƱƳǐǓƌǗǎǓíȉȥƶॐົƩîƷຩौ߫أƳƒƌƮࢲ຤ƲӀભƶГƬƯƊǓƔ»
ຩौȉȥƶॐଳٺ঵ƶൟࠃ֞ܲƷǆƫƧƗڽףƝǔƮƌƲƓƫƧº¸෭ڽףƶ๋இƷ»ѭ
վЏ঎գ؈ȝȆǺȥȮǫƶƧǉƶٺࡐ஛՘ǴǰȎȉȥǚ߁ࢽơǓફГඕưƟƮ»ǴǰȎȉ
ȥƶॐଳٺ঵ƳշຌơǓЋஞࠃǚൟ໐Ɵ»ƥǔǑƶದ۔ଳ২֞ܲǚฯǑƓƳơǓƛưƯƊ
Ǔº
ઃ¸¸¸ຨ¸¸¸܎
ইŌ¸ܽਖ਼ƶǝȮȁȅਗ਼૷
ܽਖ਼ެභ
෣฼৒
ɕȣȳɓɪȽĘɠ
LHCI
ǪȨȨȐǞȦ
PS-IPS-II
ɕȣȳȨɪȹɪɳ
ȐǞǮǲǝȆȮ
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H17ైஶƶ๋இ½๋഍
¸ȤȮਖ਼ƶॐົƩáȐǞǮȎȥǸÓțൟӕâǚর۽ơǓЋஞࠃ NblA ưǝȚȉ߱౴༞Ƴƒ
ƌƮ੏௬঴ƶƊǓǴǰȎȉȥຢ໻ઑЋஞࠃ Ycf18ƔȤȮਖ਼ư௬ບƳюຩڠහƳǐǓȐǞǮ
ȎȥǸÓțൟӕর۽ƳշຌơǓƶƯƷƲƌƓư݂Ɛ»Ycf18 ЋஞࠃƶԇࡾюຩڠහƳƒƙ
Ǔದ۔ȌǺÓȮǚଳǁƮƕƧº߅ైஶǆƯƶڽףƳǐǒ»ȉȥຩौƳƒƌƮࡶ຤ƲॐົƩ
ƶۍПưƲǓଃਬڠහǌȥȮڠහƳƷǴǰȎȉȥ Ycf18Ɣ҃ௗƟƲƌƛưƓǑ»२Ԍो൝
ƯƊǓǴǰȎȉȥƯƷȤȮਖ਼ưƷЂƲǓ֞ܲƳǐǒȐǞǮȎȥǸÓțƶൟӕƔর۽ƝǔƮ
ƌǓư঍୩ƝǔƧºƥƛƯ൲঵ 17 ైஶƷ»юຩڠහƳǐǓȐǞǮȎȥǸÓțൟӕƶ֛ࣖ
ಶ҃ǚฯǑƓƳơǓફГඕưƟƮ¹֛ࣖಶ҃Ư௪ƗȒȨȁǝÓǷЋஞࠃƶ௬୩ǚࠟǇǓº
ǆƧ»෭ైஶƷ»ׯ஝ٺ঵ŖƳƒƙǓǫȦÓȒյƶ؁௬ڽףӀભưƟƮڐӋƟƮƌƧíຩ
ौȉȥƶȥȝÓȃǶȮǲȮǫָࢾƶӬದîƶ֏ਨڽףǊࣹ૴ؐࢇƶ؃໺ƶǊưࡑࠍơǓº
2. ڽף঵ү
áŌâ ਕైஶǆƯƶࡶƲ঵ү
¸ȤȮਖ਼ƯƷଃਬڠහ࠯ƳǊણॐƟƲƌ඄ЂઑƔൟ໐Ɲǔ»ƥƶۍПЋஞࠃưƟƮ NblA
Ɣ௬୩ƝǔƮƌǓºNblAƷୋऺƶюຩीઙƯƷƥƶದ۔ƷຫরƝǔƮƌǓƔ»ଃਬڠහ
ƲƱƶƝǆƞǆƲգ؈ǴȃȧǴƳǐǒ຃௮Ɲǔ»ણॐƶ຃௮ƳഁঅƯƊǓƛưƔฯǑƓƳ
ƲƫƮƌǓº
¸NblA ư੏௬঴ƶƊǓЋஞࠃ Ycf18 Ɣܽਖ਼་ƶຢ໻ઑǭȉțƳ੻޲ơǓƔ»ౖ֞ӕ৖Ʒ
݉ǗǔƮƌƲƓƫƧºƥƛƯ»ǴǰȎȉȥǐǒ Ycf18Ћஞࠃǚൟ໐Ɵ»ƥƶದ۔ȌǺÓȮ
ǚଳǁ»ϱҟƶƛưǚฯǑƓƳƟƮƕƧº
˄ǴǰȎȉȥ Ycf18ЋஞࠃƷୋऺऽڨҟƯǗƢƓƲƔǑದ۔Ɵ»ଃਬڠහƳǐǒದ۔Ɣୢ
ҟƟƧº
˅ȤȮਖ਼ NblA ЋஞࠃƷؼৣơǓЋஞࠃưƷ؁஛࡛ơǓƛưƷƲƗ»૒ఃƯದ۔ଳ২Ɲǔ
ƮƌƧƔ»ǴǰȎȉȥ Ycf18ЋஞࠃƷҟ໙ƶȐǞǮǣȥǴȥȮЋஞࠃư؁஛࡛ƟƮƌƧº
ˆYcf18ƷଃਬǌȥȮڠහƳƷ҃ௗƟƲƌƔ»஑ڠහƳǐǒದ۔Ɣ੢પƟƧº
¸ƌƢǔƶऽڨҟƯǊȐǞǮȎȥȮ໷ƒǐƻǪȨȨȐǞȦ໷ƷۑࣺƟƧƔ»ଃਬڠහǌȥ
ȮڠහưƷЂƲǒ஑ڠහƯƷຢीઑƔঢ়ॐҠƟƧºȐǞǮǣȥǴȥȮǌȐǞǮǲǝȆ
ȮЋஞࠃƶದ۔ȧȔȦƷଃਬڠහưȥȮڠහƯƷ౶ຩư؁ƳୢҟƟƧƔ»஑ڠහƯƷ
ݗದ۔ǚЄ࠮ƟƮƌƧº
¸¸ƛƶǐƎƳ»௓ࣖƷ Ycf18ǚॐົƩর۽Ћஞࠃƶ܌඗ưƟƮڽףǚӬࠀƟƧƔ»ƥƶ
ದ۔ȌǺÓȮƷ NblAưƷЂƲǒíॐົƩîǐǒǊǈƟǕíॐ߁ǒîƳշຌơǓҧౖ঴
ƔিƠƧº௾Ƴ»஑ڠහƯƷॐਬ໷ƶୢҟƔۂǑǔǓƳǊշǗǑƢ»ȐǞǮȎȥȮЋ
ஞࠃƔݗದ۔ƟƮƌǓƛưƓǑ»ycf18 Ʒ஑ڠහ࠯ƶঢ়ॐҠƳಳƎȐǞǮȎȥǸÓțƶ
ޙܲૼƳշຌơǓƶƯƷƲƌƓư݂ƐǑǔƧº
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áōâ௓ӻైஶƳ௻ǑǔƧ঵ү
Ō¼ॐົƩƶൟࠃ֞ܲ
¸ȤȮਖ਼ƯƷଃਬڠහƯ຃௮ƝǔǓȐǞǮȎȥǸÓțൟӕԩ঴ǚǊƬȒȨȁǝÓǷƔ੻޲
ơǓƛưƔඦݥƝǔƮƌǓºƟƓƟ»ǴǰȎȉȥƶȒȨȁǝÓǷƳƬƌƮƷǆƫƧƗڽף
༎ƔƲƌºƥƛƯ»ǴǰȎȉȥƶȐǞǮȎȥǸÓț௾ЂஇȒȨȁǝÓǷЋஞࠃǚ௬୩ơǓ
ƧǉƶફГඕưƟƮ»ȒȨȁǝÓǷЋஞࠃƶԇࡾюຩڠහƳઓơǓ҃ௗǚଳǁƧáই 2âº
ຢ໻ઑǭȉțƳǮÓȄƝǔǓȒȨȁǝÓǷЋஞࠃáFtsHŗ»ClpCЋஞࠃâƒǐƻ»Ǵǰ
Ȏȉȥ EST ȂÓǺȔÓǴƳۂǑǔǓȒȨȁǝÓǷЋஞࠃáFtsHŌ»ClpPōЋஞࠃâǚൟ
໐ƟƧºଃਬڠහ¹ȥȮڠහ¹஑ڠහऽڨҟƯ౶ຩƟƧȉȥຢीઑǐǒਙ RNA ǚൟ໐Ɵ
RT-PCR ඲ƳǐǒƛǔǑƶЋஞࠃƶದ۔໷ǚଳǁƧưƛǕ»2 ࡾƶ FtsH ЋஞࠃƷୋऺीઙ
ƯǊದ۔Ɵ¹ߡࡾƶڠහऽڨƳƒƌƮǊۉଙƲ඄ҠƷǇǑǔƲƓƫƧºГධ¹ຢ໻ઑǭȉ
țƳǮÓȄƝǔǓ ClpC ƷଃਬڠහƯದ۔Ɣ຃௮Ɲǔ¹ǆƧ¹ԌǮÓȄƶ ClpP2 Ʒ஑ڠහ
Ưದ۔Ɣ੢પƟƧºFtsH1 ЋஞࠃƷຢ໻ઑЃ݉ǲǫȅȦ౴༞ǚǊƬƛưƓǑ߫൝Ʒຢ໻ઑ
Ư௪Ɨư݂ƐǑǔǓºClpP2Ǌ ESTȂÓǺƯƷຢ໻ઑЃ݉ǲǫȅȦ౴༞ǚǊƫƮƌƧƔ»
PCR ੢൒߫൝ƶѻ֏౴༞ǚଳǁƧưƛǕຢ໻ઑЃ݉ǲǫȅȦ౴༞ƶ൉ϳƶǇƔࣩ׫Ɲǔ
ƮƌƧºࢫƫƮ»ClpP2 Ʒ஑ڠහƳǐǒದ۔Ɣ੢પƟƧƔ»ƛƶȒȨȁǝÓǷƷެභࡐƯ
ƶǺȮȌǪൟӕƳշຌƟƮƌǓư݂ƐǑǔƧº
ō¼ȥȝÓȃǶȮǲȮǫǚພƌƧຩौȉȥƶȝȆǺȥȮǫָࢾƶӬದ
¸¸ӥປो൝ǚઓनưƟƧȥȝÓȃǶȮǲȮǫưƟƮƷ»ঢ়ଫȒȤȮǪȃȮƶऎସǌਖ਼ष
ƶ૖ލƲƱƔ૯ǑǔƮƌǓº๺ฯӥƯƷȉȥຩौƔীǛƯƊǒຩौ࠯֛ƳƷȉȥๅƷѭվ
Џӥ฻ƶંƗǚৱ๺ơǓƛưƓǑ¹ȥȝÓȃǶȮǲȮǫƶઓनưƟƮ໅ພƯƕǓҧౖ঴Ɣ
ƊǓºࢫີȥȝÓȃǶȮǲȮǫƶઓनưƲƫƮƌƧो൝Ʒ໻ॐो൝ƯƊǒ¹ຩौȉȥƶǐ
ƎƲܽਖ਼་ƳƬƌƮƶڽף༎ƷƲƌºƥƛƯ»ǴǰȎȉȥƶȥȝÓȃǶȮǲȮǫָࢾƶӬ
ದƶફГඕưƟƮ¹ԇࡾюຩڠහƳǐǓȉȥƶಶ࡜ǴȕǪȃȦƶ඄ҠƳƬƌƮଳǁƧºՏ
ਙݜ঵౶૰Ư౶ຩƟƧǴǰȎȉȥຢीઑƒǐƻ౶૰ƓǑଃਬ¹ȥȮ¹஑¹șȮǧȮ¹ψѹ
ClpC
FtsHC
EFŌɊ
Con -N -P -Fe
ڠහŐష๋
FtsH1
ClpP2
ই'ڠහऽڨҟƯƶǴǰȎȉȥȒȨȁǝÓǷЋஞࠃƶದ۔ȧȔȦ
ClpC
ຢ໻ઑ
FtsH
C
FtsH1 ClpP2 Ԍ
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ǚƥǔƦǔࣩ׫ƟƧڠහ౶૰Ư౶ຩƟƧຢीઑǚô80ąƯ஽ڤඐ੻Ɵ¹িࢲ໷๢ 0.5ô1ŵ
ƶȉȥǚ߹ພଽਕƳ஽ӕƟ¹Г൉ǚພƌƮȐǞǮǣȥǴȥȮ¹ȐǞǮǲǝȆȮ¹ǪȨȨȐ
ǞȦ໷Ǌ੯୩Ɵ¹Մੌࢲ໷ƊƧǒƶॐਬ໷ǚ߬ࢽƟƧáইŎâº
ߵǒƶ஽ӕǰȮȒȦƷृໜ঎ǚҦƐƮȏȮǶǾȃǚພƌƮࣹٸǧȤǴǲȞÓȧർ฻ƳಏƗ
ܢƚ»FieldSpec Pro(ǟȜÓǳȪȮ)Ƴǐǒ 0.35Ø2.5ɕm ƶೆ϶ƶ༫੶ಶ࡜ǴȕǪȃȦǚ੯
୩ƟƧáইŏâº
ڠහ౶૰ƳЃोƟƮ 5షյ౶ຩƟƧषݜ»ଃਬڠහƯƷۉଙƲॐਬ໷ƶۑࣺƔհߒƝǔƧ
Ɣ»ઁƶڠහ౶૰ƯƷۉଙƲۑࣺƷǇǑǔƲƓƫƧº
22
ณ໊ࣕƶຢीઑƯƷ¹໻ॐो൝ƯඦݥƝǔƮƌǓಶ࡜ǴȕǪȃȦư௬ບƶǴȕǪȃȦǚ࠷
ƟƧºГධ¹ଃਬڠහ»ȥȮڠහ»ψѹڠහƯƷŌØōɕm ЏƯƶಶ࡜໓ƶۉଙƲۑࣺƔ
ǇǑǔƧºƟƓƟ»șȮǧȮڠහƯƷಶ࡜໓ƶۑࣺƷǇǑǔƢ»஑ڠහƯƷಶ࡜໓ƶ੢પ
ƔۂǑǔƧºƛǔǑƶڤүƷڠහऽڨƶࡾ་ưॐਬ໷ƶۑࣺưƶշٱưƷЂƲǓڤүƯƊ
ƫƧº
3. ঵үƶૄ঵ஶ
Ō¼ȐǞǮȎȥǸÓțൟӕƳշǗǓȒȨȁǝÓǷЋஞࠃƶ௬୩
¸ଃਬڠහƳƬƌƮƷۉଙƲ҃ௗǚ࠷ơЋஞࠃƷۂࢽƣƲƓƫƧºƟƓƟ»ެභࡐƯ௪Ɨ
ư݂ƐǑǔǓ ClpP2Ɣ஑ڠහƳ҃ௗơǓƛưƔฯǑƓƳƲǒ»ຢ໻ઑϱӱƶެභఝ൉ϳƯ
௪ƗȒȨȁǝÓǷЋஞࠃƶװ௫ƳƬƌƮǊڸ௟ƶഁ຤঴Ɣ݂ƐǑǔƧº
ō¼ǴǰȎȉȥƶȥȝÓȃǶȮǲȮǫ
23
¸ࢫີȥȝÓȃǶȮǲȮǫƶઓनưƲƫƮƌƧो൝Ʒ໻ॐो൝ƯƊǒ¹ǴǰȎȉȥƶǐƎ
Ʋܽਖ਼་ƳƬƌƮƶڽף༎ƷƲƓƫƧºݶైஶƶຊ೮ࡑۊƳǐǒ»ǴǰȎȉȥƯǊୋऺƶ
໻ॐो൝ư་ࠨƶಶ࡜ǴȕǪȃȦƔ௻Ǒǔ»ǆƧ»ॐਬ໷ƯƷࡀൿƯƕƲƌ֛ࣖƶюຩڠ
හƳƒƌƮǊಶ࡜ǴȕǪȃȦƯƷࡀൿƔҧౖƯƊǓƛưƔ࠷މƝǔƧºƛǔǑƷݶۼƶॳ
கƳ֛ગƔǊƮǓ঵үƯƊƫƧº
4. H18ైஶƶ๋இ½๋഍
1.юຩڠහƳǐǓȐǞǮȎȥǸÓțൟӕƳ௪ƗȒȨȁǝÓǷЋஞࠃƶ௬୩¾۔࠯஝ƯƷ»
ǴǰȎȉȥƓǑƷଃਬڠහƳǐǒ຃௮ƝǔǓຢ໻ઑЃ݉ٸȒȨȁǝÓǷЋஞࠃƷൟ໐Ưƕ
ƮƌƲƌºŜ18 ైஶƷ»ຢ໻ઑǭȉțǌǴǰȎȉȥ EST ƳǇǑǔǓ෭ైஶƷณӕ৖ƯƊ
ƫƧȒȨȁǝÓǷЋஞࠃƳƬƌƮڸ௟ơǓº
ō¼ǴǰȎȉȥƶȥȝÓȃǶȮǲȮǫ
ݶӖƷࡑۊࡋఝƯ౶ຩƟƧǴǰȎȉȥǚ߹ພƟƧº߹ພƟƧ޳໬Ɣিࢲ໷Ōŵϱҟưࣺ໷
ƯƊƫƧƧǉ»੯୩ুஶǚݗǉǓƧǉƳ H18 ైஶƯƷƝǑƳં໷ƶ޳໬ǚພƌƮ੯୩ǚ
݉ƲƎº஑»ψѹ»șȮǧȮڠහϱӱƶؽੳڠහǌؽੳӄࢲƶܑүƳƬƌƮǊڸ௟ǚ݉Ʋ
ƌ»ಶ࡜ǴȕǪȃȦǚພƌƮǴǰȎȉȥƶࢲؽੳ҃ௗౖǚฯǑƓƳơǓº
¸
5¼ڽף೨ࡷ௻ीؒ
¸¸½௾୩໹Џڽףíຢ໻ઑƶ੢ौর۽֞ܲưЋஞࠃದ۔ଳ২ƳǐǓो൝ƶݗ
¸¸¸¸¸¸¸¸¸¸࠰ౖ֞ದ۔îá൲঵ 16Ø20ైஶ»ൟ૕â ¸¸¸¸
6¼ڽףದഒ»௾׳ीؒ
áŌâۍଙཉ൫ƳǐǓದഒ
¸˄ ݦఝࠠáཋ൫âƲƟ
¸˅ ݦްࠠá҇൫â
(1) Kimura, T., Tanaka, Y., Hanada, K., Takio, S., and Saito, A. (2005) Cryptic polyadenylation of
transcripts of an RNA virus gene introduced into tobacco plants. Biosci. Biotechnol. Biochem.
69: 2005-2008.
(2) Lin, X., Zhang, W., Takechi, K., Takio, S., Ono, K. and Takano, H. (2005) Stable genetic
transformation of Larix gmelinii L. by particle bombardment of zygotic embryos. Plant Cell
Rep. 24: 418-425.
(3) Hayashida, A., Takechi, K., Sugiyama, M., Kubo, M., Takio, S., Hiwatashi, Y., Hasebe, M.,
Takano, H. (2005) Isolation of mutant lines with decrease number of chloroplasts per cell from
tagged mutagenesis library of moss Physcomitrella patens. Plant Biol. 7: 300-306.
áōâۍଙཉ൫ϱӱƳǐǓದഒáݶైஶâ¾ƲƟ
¸
áŎâԙӔದഒ
1. Takano, H., Machida, M., Takio, S., Takechi, K., Hasebe, M.¸Plant homologs of bacterial
peptidoglycan biosynthesis genes in moss. XVII International Botanical Congress, June, 17-23,
Vienna at Austria
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2. Hayashida, A., Takechi, K., Takio, S., Fujita, T., Hiwatashi, Y., Hasebe, M., Takano, H.
Isolation of mutant lines with decreased numbers of chloroplasts per cell from a tagged mutant
library of the moss Physcomitrella patens. Moss 2005, June, 23-26, Brno at Czech
3. ଛ঵ୂ»൅૳ݣࣿ»ય೯ॳ»ࣹ๝կ࠳»ݗ๝ಇҨ»ǲȨǟȇȅǵȅ cDNAșǪȨǝȧ
ǟǚພƌƧǮǬो൝ƶЋஞࠃದ۔ӕ৖»ફ 55Ӗష෭ो൝ԙӔـ࢐ࠊ൉પӔ»Ґధ»(2005
ై 5ڧ 14—15ష)
4. ৵र૳ܥ»փउ¸ා»൅૳ݣࣿ»ݗ๝ಇҨ»ય೯¸ॳ»ǴǰȎȉȥ܎ݜ঵ࢥ܎ਗ਼૷ƶ
஑ڠහƳઓơǓ҃ௗ»ફ 8 Ӗష෭șȥȮȋǟǥȁǪȉȨǳÓԙӔ»٠෭¸á2005 ై 5
ڧ 28-29షâ
5. ߤ޽¸ݙ»ય೯ ॳ»ৗ஡ इബ»ӥປެظ Serratia rubidaea N-1 Եƶॐਬি߫ƳחǄơ
ѻൟǴȃȧǴưȥȮ߱ƶы؜ƳƬƌƮ»ફ 8 Ӗష෭șȥȮȋǟǥȁǪȉȨǳÓԙӔ»
٠෭¸á2005ై 5ڧ 28-29షâ
6. ତ൫ౡ»໾آ೫»൅૳ݣࣿ»ݗ๝ಇҨ»ય೯¸ॳ»ǴǰȎȉȥƓǑƶȧȃȨȃȤȮǴ
ȘǹȮЋஞࠃƶ૒໐ưӕ৖»ફ 8Ӗష෭șȥȮȋǟǥȁǪȉȨǳÓԙӔ»٠෭¸á2005
ై 5ڧ 28-29షâ
7. ൅૳ݣࣿ»ߤ஡ܜܡ»૴र໧ઃ»އ௞ಇ»ϲ௞໠Г»ય೯ॳ»ݗ๝ಇҨ»ȍȜǿȥǧ
ȈǯǬຢ໻ઑٸǻǟȅȚȮחƻMinDЋஞࠃ٫ƶ౤ӘƷຢ໻ઑƶۑࣺǚСƕ֬ƛơ»ફ
69Ӗష෭ो൝ԙӔપӔ»മߤ»(2005ై 9ڧ 21-23ష)
8. S. Peddigari»ତ൫ౡ»൅૳ݣࣿ»ݗ๝ಇҨ»ય೯ॳ»Copia like retrotransposon in a red alga
Porphyra yezoensis»ફ 69Ӗష෭ो൝ԙӔપӔ»മߤ»(2005ై 9ڧ 21-23ష)
9. ໾ܜڴ»൅૳ݣࣿ»ݗ๝ಇҨ»ય೯ॳ»ȟȅǩǺȂƶǦȁǨȮ་ݜ঵ڈЋஞࠃ ANRư
LARƶൟ໐ưದ۔ບ࠿»ફ 69Ӗష෭ो൝ԙӔપӔ»മߤ»(2005ై 9ڧ 21-23ష)
10. փउා»৵र૳ܥ»൅૳ݣࣿ»ݗ๝ಇҨ»ય೯ॳ»ຩौȉȥƶ஑ڠහƳǐǓঢ়ॐҠƳ
շơǓڽף»ફŎӖǇǑƌ๺ฯ½ഩ૯ҳǲȮȘǳǡț»٠෭á2005ై 10ڧ 28Ô29షâ
11. ય೯ॳ»ຩौȉȥॐົƩƶ߶ਭǇǚ૖ǓЋஞࠃڽף»ફ 4ӖѭվЏգ؈ҭԙؐАڽף
ǶȮǺÓ݋ѮӔá2006ై 3ڧ 17షâ
12. ൅૳ݣࣿ»૴र໧ઃ»އ௞ಇ»ଭ஡२໊ࠃ»ય೯ॳ»ସૌ൉܎જ»ݗ๝ಇҨ»ȍȜǿ
ȥǧȈǯǬƳඐ੻ƝǔƧެظƶȕȒǼȄǫȥǦȮݜ঵ƳշǗǓMurE, PbpЋஞࠃƶౖ֞
ӕ৖»ફ 47Ӗो൝ি໊ԙӔైӔ»ƬƗƸ»(2006ై 3ڧ 19-21ష)
13. ય೯¸ॳ»юຩڠහƳǐǓຩौȉȥॐົƩưຢ໻ઑǺȮȌǪЋஞࠃƶದ۔҃ௗ»൲঵
18ైஶష෭঎߫ԙӔપӔ»ݗ૯á2006ై 3ڧ 29షô4ڧ 2షâ
(4) ௾׳¾ƲƟ
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൲঵17ైஶڽף঵үඦݥ
ڽףӀભอ¾ѭվЏƳƒƙǓি൝ંບ঴ưি൝ࠢےƶඐਙƳշơǓڽף
ࣗੳ½ࠒอ ¾ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ½Жۂજה
1. ڽף๋இ½๋഍
áŌâH15ైஶØ2ŌైஶƳƒƙǓ๋இ½๋഍
¸۔޲»๺ฯӥ½ಣનӥƶ঎߫ࠢےƷգ؈ƶϔҠƳǐǒওણƶГரƳƊǓ¼ǆƧ»໩ӥЏ
ƶি൝ંບ঴ƷۑࣺƟ»໩ӥЏƳ௾ଦஇƯԙࢾஇƳǊ֫ࢲƲࡾƔכੱƳࡉǗǔƮƌǓ¼Ɲ
ǑƳ»ӱີࡾƶक़హƳǐǓЋஞࠃѽ৾ƶ๓ભǊۉ޲ҠƟƮƕƧ¼෭ڽףƷ»໩ӥЏƶিઙ
ڈƶౝϕǚୋƟƮ»ি൝ંບ঴ƶЄ࠮֞ܲǚӕฯơǓƛư»ƝǑƳ»঎߫ࠢےƶя੶இ໅
ພǲǴȁțǚӬದơǓƛưǚ๋இươǓ¼
áōâH17ైஶƶ๋இ½๋഍
෭ైஶƷ»๺ฯӥ½ಣનӥƶѭվЏǚଇढ़Ƴ»ি൝ંບ঴ƶඐਙ½঎߫ࠢےƶ࠮੶இ໅
ພ½գ؈ƳଳཋƟƧේޥưӬದưƌƎŎƬƶȒȨǳǢǪȃǚଇढ़Ƴڽףǚ݉ƫƧ¼
¸íি൝ંບ঴ƶඐਙîƯƷ»٠෭ۀఝƶՒԤƯ୫িি൝੏ƶଳލǚ݉ƌ»ি൝ি੬գ؈
ƶଳލධ඲ƲǑƻƳഓҤධ඲ƶӬದǚ݉Ǝƛưǚ๋இưƟƧ¼ǆƧ»ȊǪǶȮǲǥșȈǨ
ǌȅȜǪǳǡǥƲƱ»໩ӥЏǚનഒơǓি൝ǚઓनƳ»িԩ߼ǌি੬ीؒƳշơǓڽףǚ
݉Ǝƛưǚ๋இưƟƧ¼
¸í঎߫ࠢےƶ࠮੶இ໅ພîƯƷ»ǺǟȤǩưȊșǫȥǚڽף޳໬Ƴ»ি੬գ؈ϔҠƲǑ
ƻƳຽԎƔࠢے໷ƳຌƐǓы؜ǚഓҤƟ»ি੬գ؈ƶඐਙƲǑƻƳࠢےըָ໊ࢾƶӬದǚ
঍ॳơǓƛưǚ๋இưƟƮڽףǚ݉ƫƧ¼
¸íգ؈ƳଳཋƟƧේޥưӬದîƯƷ»ࡶưƟƮಣનӥෝվƶݗଫ୨ේڳ০ǚઓनưƟƮ»
ѻ঴ो൝ǌӮ་ƶЃोƲǑƻƳি੬૰਴ࢽƶָࢾӬದǚ݉ƫƧ¼
2. ൲঵17ైஶƶڽף঵ү
˅ি൝ંບ঴ƶඐਙ
¸٠෭ۀఝƶি൝ંບ঴ƶݗƌŔӥվáই1âǚઓनƳ»ޚؼࡑࠍƝǔƧ୫ি௫൝ƶ۔૰
ଳލǚ֏Ƴ»ি൝঺੬գ؈ƶഓҤָࢾƶڸ௟ǚ݉ƫƧ¼ഓҤƶઓनưƟƧƶƷ»ࢽ۔ࡾঝ
ƲǑƻƳࣺ֔ࡾƶࡾঝá٠෭ۀȧǾȄȂÓǺȥǴȃƶ৫ึ֌ቊIA½IBƶࡾঝâƯƊǓ¼ƥ
ƶڤү»໩ࡣƶ੏շƷࡴƗáই2â»ંƗƶǝǶǴȜȮȃƯ݉ǗǔƮƌǓíࣺ֔ࡾǚࠉ഍ư
ƟƧഓҤîƳƷ๓ભƔંƌƛưƔഷƕଥǒƳƲƫƧ¼
¸ȊǪǶȮǲǥșȈǨƳƬƌƮƷ»ƲǗƸǒǌೂौ݉௫ǚଇढ़Ƴ»ȅȜǪǳǡǥƳƬƌƮ
Ʒۛઑ٫ܲ੧ƶై඄௫ư঵ସǚଇढ़Ƴڽףǚॳǉ»঵үǚԙࢾߙࠠǌԙӔƯದഒƟƧ¼
¸Ʋƒ»չݦƶѭվЏƯǊি൝ંບ঴ƶඐਙƳշơǓڽףǚ݉ƫƧƔ»షչƶি൝ંບ঴
ඐਙƳઓơǓ֏ਨڽףƔഓҤƝǔ»ЖۂƔનഒǚยǉǓíషչՒԤଳލ૥îƔ»íషչݦ
ްգ؈ऩîá෹షॠ൬ࡡ½ପਔషඦࡡ؁ޘâǚࢄऩƟƧ¼
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¸¸ই2 ࢽ۔ࡾưࣺ֔ࡾƶࡾঝƶշٱ
¸¸¸¸¸¸¸ই1 ଳލ૰
ˆ঎߫ࠢےƶ࠮੶இ໅ພ
a.ǺǟȤǩ Atrina pectinata
¸ǺǟȤǩƷ»ৼӥ½ՒԤƶސஂ୫Ƴি੬ơǓЮᛊٺƶమ෸ӮƯƊǓ¼๺ฯӥƯƷࢲ຤Ʋ
׶أઓनࡾƯ»ǝǰȥƳ࠰ƌƯ׶أি߫ԜƔપƕƌమ෸ӮƯƊƫƧ¼ƟƓƟ»ؼై»๺ฯ
ӥƯƷ෭ࡾƶપ໷ࠑƔ੶ƕ»ସ޽ۀƯƷ 1993ైǐǒ»އӏ½ൔҏ½٠෭ۀƯƷ 1999ైǐ
ǒז׶Ɣ੶ƌƮƌǓ¼પ໷ࠑƶۍПƳƬƌƮƷ»߱ڠ»๺ӳ൝ࡐƶ໙హ»୫ࡐƶஂҠ»ඔ
॒ࡣƶ੢ҦƲƱƌǕƌǕƲ৩ƔࢽƝǔƮƌǓƔ»۔޲ƶưƛǕ»௾୩ƯƕƮƌƲƌ¼ ๺
ฯӥƳƒƙǓǺǟȤǩપ໷ࠑƶۍПǚฯǑƓƳơǓƧǉ»2000 ైƳӬࠀƟƧࠢےඐਙƳ
շơǓڽףǚڊ੶ƟƮ݉ƫƧ¼
ഒ 1 1999Ø2005ైƳƒƙǓǺǟȤǩƶଆ୫ưપ໷ࠑƶӶ຤
Ƒā൙૷Ħࠃǻ਷ЯħýƑಳೱɡĘɈɫǏǬȗǻ؜৒ࣞ ƒā৫ุݒǙ݁ȋǰǬݰӜ
ऽЦ ऽЦۛࡱಊ ғѥ ऽЦ ऽЦۛࡱಊ ғѥ
/777உĦಳࣶ//உħ ౪൰ ౪൰ ౪൰ /777உĦಳࣶ//உħ ౪൰ ౪൰ ౪൰
0...உĦಳࣶ/0உħ0..ĝ6.. +++++ /0ĝ/4 0...உĦಳࣶ/0உħƗרϠࠊ +++++ ׬ग़Ǹऀ͑
0../உĦಳࣶ/1உħ/3.ĝ0.. +++++ 4ĝ/. 0../உĦಳࣶ/1உħƕרϠࠊ +++++ ׬ग़Ǹऀ͑
0..0உĦಳࣶ/2உħ 0.̲Ϡą 4ĝ5 1ĝƔ 0..0உĦಳࣶ/2உħƔרࡱࠊ ׬ग़Ǹऀ͑ ׬ग़Ǹऀ͑
0..1உĦಳࣶ/3உħ/..ĝ0.. +++++ 3ĝ6 0..1உĦಳࣶ/3உħƖרϠࠊ +++++ ׬ग़Ǹऀ͑
0..2உĦಳࣶ/4உħ 1.ĝ2. ౪൰ 1.ĝ3. 0..2உĦಳࣶ/4உħƗרੈࠊ ׬ग़Ǹऀ͑ ׬ग़Ǹऀ͑
0..3உĦಳࣶ/5உħ 0ĝ1 ౪൰ /̲Ϡ 0..3உĦಳࣶ/5உħ = = =
+++++ă૊ଔǷऀভ਱Ǚ௧؃ǴǚǷǘǰǬǬȎþੴێǨǧ
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¸ଳލƶڤү»ৼӥƯƷǺǟȤǩƶ୩ଆƷંƗáޚપ 800ۛઑÖŻōâ»ࣂǆƯƷࣔଳƳ঵
ସƟƧƔá4 ڧƶ࠯஝Ưԍସ 10cm ୷ஶâ»ҩǚଇढ़ƳࠑึƟ»࢖ǆƯƳਙึƟƧáഒâ¼
Гධ»ՒԤƯƷ»୩ଆƷࣺƲƓƫƧƔá3Ø50 ۛઑÖŻōâ»પ໷ࠑƷհߒƝǔƲƓƫƧ¼
પ໷ࠑƔ֬ƕƧৼӥƯƷ»ҩƳƲǓư঵ସƔࠐǆǒ»িौਈǊࣹƝƓƫƧ¼Гධ»ՒԤƯ
Ʒҩƶ঵ସƔޚǊǐƗ»িौਈǊ೥પƟƧ¼ϱरƶڤүǐǒ»ǺǟȤǩƶપ໷ࠑƷ»ি੬
գ؈ƶϔҠƳǐǓƛưƔ࠷މƝǔƧ¼ٌઑஇƳƷ»ത߱ਬ঎ӗƶದিƔޚǊּǗƟƗ»ƛ
ǔƳƷҜ૩ҠǊы؜ƟƮƌǓưࠈǗǔǓƔ»࢖ϱݔƳપ໷ࠑƔ֬ƕƧषࣗǊƊǓƛưǐǒ»
ƥǔϱӱƶ຤Пá༎ƐƸ»๺ӳ൝ࡐƶ઒৘ƲƱâƳƬƌƮƶڸ௟Ǌഁ຤ƯƊǓ¼
¸ƝǑƳ»ഒƓǑǊฯǑƓƲǐƎƳ»૶ӮƶҦహƷ»ৼӥЏƯƷۑࣺƟ»ՒԤЏƯƷ੢Ҧ
ƟƮƌǓ¼๺ฯӥ৅൉ৼӥЏáସ޽ۀƲƱâƯƷ૶ӮҦహƶڜۑƶƧǉ»ǺǟȤǩƔǃư
ǛƱি੬ƟƮƌƲƌƔ»௉൉ৼӥЏƯǊ௬ບƳ»ӥ୫գ؈ƶϔҠƳǐƫƮ»૶ӮƔۑࣺƟ
ƬƬƊǓҧౖ঴Ɣ؊ƌ¼ƥƟƮ»૶ӮڜۑƷ»ӥ୫ƶஂҠƔۍПƯƊǓư݂ƐǑǔƮƌǓ¼
¸ՒԤЏƯƷ»גƳ૶ӮƔ੢ҦƟƮƌǓƔá2005 ైƷڜۑâ»ƛǔƷৼӥЏƳ୩ଆƯƕƲ
ƓƫƧ૶ӮƔ߶ධƲƗՒԤƳ୩ଆƟƧƶƓ»ՒԤƔǺǟȤǩƶ୩ଆƳஉơǓǐƎƳ඄ҠƟ
ƧƶƓƷഩฯƯƊǓ¼ƟƓƟ»ಇંཚƯƷ»íি੬૰ƔৼӥƓǑՒԤƳЃƫƧۼƯ»Ǻǟ
ȤǩƔ৫ึƟƧîưƶ׶ภथۗǊƊǒ»ԛհƷƯƕƲƌ¼
¸ƛƶǐƎƳ»๺ฯӥৼӥЏƯƷ»í૶ӮҦహ໷ƶڜۑîưí঵Ӯƶપ໷ࠑîưƌƎǻȑ
ȦȌȮǼƯ»ǺǟȤǩࠢےƔӘึƳܕƓƫƮƌǓ¼
b. Ȋșǫȥ
¸ష෭ưչݦƯȊșǫȥ་ƶি੬ीؒƳշơǓڽףǚॳǉƮƌǓƔ»෭ైஶƷ௾Ƴࠢےը
໊Ƴࢲ஝ǚ૷ƕ»٠෭ࠅಋ৵ҲܔưൔҏۀҦര໏ཚƯۛઑ٫ƶೝԔଳލǚ݉ƫƧ¼٠෭ۀ
Ʒ»Ȋșǫȥি߫໷ష෭ГƶۀƯƊǓƔ»ƥƶƛưƷƊǆǒ૯ǑǔƮƌƲƌ¼ǆƧ»ƌƢ
ǔƶ׶षƳƒƌƮǊȊșǫȥƷຽԎीઙƯ»৫ึƔ֌ቊƝǔǓǃƱࠢے໷ƔۑࣺƟƮƌǓ¼
Гධ»Ҧര໏ƯƷێԋƲȊșǫȥƶࠢےը໊Ɣ݉ǗǔƮƌǓ¼ٌઑஇƳƷ»٠෭ۀƯƷԍ
ସ3cmmณฏƶ׶ԎƔسࠐƝǔƮƌǓƨƙƯƊǓƔ»Ҧര໏ƯƷԍସ5cmณฏƶ׶Ԏƶس
ࠐƳҦƐƮ»׶֛á11ڧØຯై3ڧâ»׶Ԏ໷á1ॶ1ష10kgǆƯâ»׶षáӥЏǚ3׶षƳൟ
ƙ෹ైƥƶƎƩƶ1ƬƯ׶Ԏ»Ҳ৵ఝƯƷ׶ԎسࠐâƶরۙƔƊǓ¼
¸ଳލƶڤү»Ҧര໏ཚƶŌŻōƊƧǒƶȊșǫȥƶธஶƷ»Ҳ৵ఝƷ119.4+50.9 /Żōá൲
جó഍࣍ඃތ»N=20â»ӥЏर൉Ʒ32.2+19.1 /ŻōáN=20â»ӥЏҟ൉Ʒ84.8+70.9 /ŻōáN=20â
ư೪ऺƳݗธஶƯƊƫƧáই3â¼ǆƧ»ԍସ30mmณฏ»30Ø50mmณฏ»50mmϱरƶԥ
ݜƷ»Ҳ৵Ư77%, 22%, 1%»ӥЏर൉Ư70%, 26%, 4%»ӥЏҟ൉Ư59%, 29%, 1%ư»ӥЏ
ƶධƔપٸۛઑƶԥݜƔݗƓƫƧ¼Гධ»ಋ৵ҲܔƯƷୢธஶƯƊƫƧƧǉ»Ҳ৵र൉ư
ӥЏƯƷȊșǫȥธஶƷ߬ࢽƯƕƲƓƫƧƔ»ȊșǫȥƶธஶƷೝԔஇݗธஶƶҲ৵ҟ൉
ƯƝƐ7.8+8.8 /ŻōáN=20âưҦര໏ƳೝǁƮƢƫưୢƓƫƧáই4â¼ǆƧ»ԍସ30mmณ
ฏ»30Ø50mmณฏ»50mmϱरƶԥݜƷ»Ҳ৵र൉Ư90%, 10%, 0%»Ҳ৵ҟ൉Ư80%, 20%,
0%»ӥЏƯ55%, 36%, 9%ư»Ҧര໏ƳೝǁƮપٸۛઑƶԥݜƷୢƓƫƧ¼ƟƓƟ»ӥЏ
ƶධƔપٸۛઑƶԥݜƔݗƌٲܕƷ඄ǗǒƲƓƫƧ¼
¸ƛƶǐƎƳ»ێԋƲը໊׶أưຽԎ¼ƛƶЊƌƷࠢے໷ƶތưƟƮฯԏƳ۔ǔƮƌǓ¼
ơƲǗƩ»Ҧര໏ƯƷȊșǫȥƶธஶƔ൲ج๢80ۛ /ŻōƯƊǓƶƳઓƟƮ»ಋ৵ҲܔƯ
ƷೝԔஇݗธஶƶҲ৵ҟ൉ƯƝƐ10ൟƶŌ୷ஶƶ൲ج7.8ۛ /ŻōƳӄƖƲƓƫƧ¼ǆƧ»
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ಋ৵ҲܔƯƷԍସŎcmϱरƶȊșǫȥƶԥݜƔୢƗ»௾ƳԍସŐcmϱरƶȊșǫȥƷǃ
ưǛƱۂƬƓǑƲƓƫƧƔ»ƛǔǊપٸۛઑƔݗƌ׶ԎϜƳƝǑƝǔƮƌǓƧǉưࠈǗǔ
Ǔ¼
ই3 Ҧര໏ཚƳƒƙǓȊșǫȥƶԍସਭ঵
ই4 ಋ৵ҲܔƳƒƙǓȊșǫȥƶԍସਭ঵
¸ƟƓƟ»૒Ƴ׶Ԏ໷ƨƙǚೝǁǓư»໻৵½ಋ৵ҲܔƷҦര໏ƶ๢Ő౵Ɗǒ»ƛǔƷȊ
șǫȥƳۙǔƸਙݦГƶ׶Ԏ໷ƯƊǓ¼ۍПƷ»׶षƶܢƝƶЊƌƳǐǓǊƶƯ»Ȋșǫ
ȥƶ঺੬฻৘Ʒ়ԏƳƷౝϕƯƕƮƌƲƌƔ»঺੬ธஶư׶Ԏ໷ƓǑ૒࣐Ƴڐ߬ơǓư»
໻৵½ಋ৵ҲܔƷҦര໏ƶ50౵୷ஶܢƌ׶षǚ࠮ƬǊƶư঍੯ƝǔǓ¼
¸໻৵½ಋ৵ҲܔƳƒƌƮǊێԋƲȊșǫȥƶ׶ԎরۙƔࡑࠍƝǔǔƸ»Ҧര໏ƶǐƎƳ
ȊșǫȥࠢےǚӖ൑ơǓƛưǊҧౖƓǊƟǔƲƌ¼ƟƓƟ»ƥƶƧǉƳƷ»঺੬ीؒǌ঵
ସ໷½߫຾໷ƲƱƶҭԙஇȂÓǺƶ଀৘ƨƙƯƲƗ»׶أڹƶ০୩ǌ׶أࡣյƶݜϼٺ঵
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ƲƱǊഁ຤ưƲǓƯƊǕƎ¼
¸ݶۼ»ȊșǫȥࠢےǚඐਙơǓƧǉƳƷ»ȑȤȮȄҠǊۂডƐƮ»પԙ½ۀ½׶أࡣ½
໙ୋշٱࡣƲƱƔദೂƳ؃ׁƶषǚ࠮ƬƛưƔഩҧڠƯƊǓ¼
ˇգ؈ƳଳཋƟƧේޥưӬದ
¸܅վӡ࢑ܞࠧǌ঎๖ƶ੢০Ɣѻ঴ࡍ૰ি൝٫ࢥǀຌƐǓы؜ǚޚࣹۙƳໜǉǓƧǉƳ»
ѻ঴ࡍ૰ি൝٫ࢥƶ۔ीౝϕưޙি½਴ࢽáٌઑஇƳƷ»ѻ঴ࡍ૰ি൝٫ࢥƶЃोָࢾӬ
ದưॶܞǲǢȦǺÓƳǐǓӮ་٫ࢥ঺੬գ؈ӡਖâǚ݉ƫƧ¼ಣનӥෝ൉ƯƷ»ؼై»܅
վӡ࢑ܞࠧƔ੏ڊƖ»঺੬գ؈ƶऎࡉ½ϔҠƔଙƟƌ¼௾Ƴ»1999 ైƶ઩ൌ 18 ݛƳǐǓ
ݗଫ½ݗౡޥӳϱݔ»ಣનӥཚҁ൉ƯƷ܅վӡ࢑ܞࠧǌ঎๖ƶ੢০ƔীǛƳ݉ǗǔǓǐƎ
ƳƲǒ»ѻ঴ࡍ૰ǌࢍඈƶՒԤƶऎࡉ½ϔҠƔ੶ƌƮƌǓ¼ේޥƶࢲ຤঴ƷۗƎǆƯǊƲ
ƌƔ»ƥƶƧǉƳি൝ંບ঴ƔֻাƳƲǓƛưƷ»ҧౖƲۙǒ೩ƙƲƗƮƷƲǑƲƌ¼
¸ଳލධ඲ưƟƮƷ»2005ై5ڧงƓǑ7ڧงƳ݉ǗǔƧ୨ේ੢০ܞࠧƳ৯໔Ʃ»ܞࠧຊ୩
૰ƶȣǲưӮ་ǚ»2005ై5ڧ28షƓǑ6ڧ5షƳЂƲƫƧݗஶƳЃोƟ»ƥƶۼƶ঵ସư
ি੻ǚհߒƟƧ¼ǆƧ»୨ේڳ০ƳǐƫƮິ૰ҠƟƧ૰ЏƶӮ་ǚඐਙơǓƧǉ»2005ై
9ڧ21షƳॶܞǲǢȦǺÓáՃ½ȑȨǾǪ½้಻âǚ০૷Ɵ»Ӯ་ƶơǇƓǚ੧঵ƟƧ¼
¸ଳލƶڤү»ݗƌ૰஝áଫϳƳ՘߬ƟƮ338cmâƳЃोƟƧȣǲǃƱ঵ସƔǐƗ»ি੻
໓ǊݗƓƫƧáই5â¼
ই5 ԇݗஶƳƒƙǓȣǲƶি੻ঝáӦâ½ۦࠑঝáݪâƲǑƻƳি੻໓
ই6 ǲǢȦǺÓá3ࡾƶǲǢȦǺÓƶ൲ج૮âưິ૰ƶǦȪǱȮǲȢǡ་ƶۛઑঝ
¸ǆƧ»Ճ½ȑȨǾǪ½้಻ƯƊƫƮǊࢪൟǦȪǱȮǲȢǡ་ƶি੬षࣗưƟƮƶౖ֞ǚ
30
๺ƟƧ¼
2. ঵үƶૄ঵ஶ
¸ԇȒȨǳǢǪȃƷࣔଳƳॳகƟƮƒǒ»ڽף๋഍Ʒࢪൟૄ঵ƯƕƧư݂ƐǓ¼
3. ݶైஶƶ๓ભƲƱ
¸ॠ֩ƶڽףá௾Ƴ๝ӱଳލâƔંƗ»ཉ൫ࡈഃƳࢥଇƯƕƲƓƫƧ¼
4. ີైஶƶ๋இ½๋഍
¸ݶైஶƶȒȥǳǢǪȃǚڊ੶½ॳகƝƣǓ¼íি൝ંບ঴ƶඐਙîƯƷ»ڽףઓन૰ǚ
੢ǌƟ»୫ি௫൝ি੬૰ưƟƮƶѭվЏƶଳލධ඲½ഓҤධ඲ƶڸ௟ǚ݉Ǝ¼ǆƧ»ȅȜ
ǪǳǡǥǌȊǪǶȮǲǥșȈǨƶڽףǚڊ੶ơǓઁ»ѻ঴ࡍ૰ƶӮ་ƲǑƻƳǦȆ་ƶඐ
ਙָࢾƶӬದǚ݉Ǝ¼í঎߫ࠢےƶ࠮੶இ໅ພîƯƷ»ȊșǫȥǚȝȂȦƳڽףǚڊ੶Ɵ»
ࠢےը໊Ƴഁ຤Ʋ֏ਨȂÓǺǚࢌࢥơǓ¼ǆƧ»٠෭ۀǌ׶؃ưദೂƳ؃ׁǚ݉ƌ»ݜϼ
ٺ঵Ƴ֏ƭƗࠢےը໊ƶ௶ǚ૖Ǔ¼íգ؈ƳଳཋƟƧේޥưӬದîƯƷ»ಣનӥƳƒƌƮ
ЃोƟƧѻ঴ࡍ૰ưӮ་ƶȝȆǺȥȮǫǚڊ੶ơǓư؁Ƴ»ЬஷࠅࢨׅӥվƯᒔᒸஷސǚ
ພƌƧѻ঴ࡍ૰ƶޙিࡑۊǚ݉ƌ»۔޲ຊ୩ƝǔƮƌǓ٠෭ࠅѻғ૰كá๺ฯӥâƶӥվ
෵໔ƳઓơǓȚǼǭÓǲȢȮƶָࢾӬದǚॳǉǓ¼
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൲঵&,ైஶڽף঵үඦݥ
ڽףӀભอ¾ѭվЏƒǐƻ໑঎ЏƳƒƙǓি൝ંບ঴ưƥƶЋஞஇ඄ЂƳշơǓڽף
ࣗੳ½ࠒอ¾໊ԙ൉໊ԙҭ½ఝ๝ฯ௼
&#ڽף๋இ½๋഍
áŌâ=&*ైஶØ'&ైஶƳƒƙǓ๋இ½๋഍
๺ฯӥ½ಣનӥƒǐƻƛƶӥЏƳ଎Ɩݳǈ໑঎Џƶգ؈ƷϔҠƶГரƳƊǓºƥƶۍП
Ʒգ؈ѽ৾൝ࡐƶ੻޲ǚࣖǉưƟƮບÐƯƊǓƔ¹ƛƶǐƎƲƛưƳưǊƲƫƮ¹ƛƶ૰
Џƶি൝ંບ঴ƷۑࣺƶධܕƳƊǓºǆƧ¹ޚؼƷӱີࡾƲƱƶक़హƳǐƫƮিઙڈƶԊ
ຽǌЋஞࠃѽ৾ƶ๓ભǊۉ޲ҠƟƮƕƮƌǓº෭ڽףƷ๺ฯӥ½ಣનӥѭվЏƳƒƙǓি
൝ંບ঴ưƥƶЋஞஇ඄Ђǚӕฯ½ඐਙơǓƛưǚ๋இươǓǊƶƯƊǓº
áōâ=&,ైஶƶ๋இ½๋഍
˄׃૴৵ƳƒƙǓӱີࡾȑȤǳȦǼȄȜǫǰƶЋஞஇ඄Ђưೂौບ࠿
¸ǶȥҭƶȑȤǳȦǼȄȜǫǰá=nYgdXdinaZgVcjcXjad^YZhA#[#âƷ఩ǝȜȥǦۍ߫
ƶो൝Ư¹ȣÓȨǾȌǌǝȐȥǦƳൟരƟ¹৵վǌ঎ࡍ૰ƳিАơǓંై੕ƯƊǓºష෭
ƳƷൟരƣƢ¹׸ƶࠥАພǌհऩພưƟƮ๯హƝǔ¹ܢƗ೅౽ƝǔƮƌǓºƟƓƟ¹Жࢽ
ƟƧۛઑƔחǄơিઙڈǀƶϔы؜Ɣڵ౉ƝǔƮƒǒ¹٠෭ۀෝ൉ƶ׃૰৵ƯƷǗƢƓঝ
ైƯપೂौƟƮƌǓºƥƶƧǉ¹'%%*ై&ڧƳ௾୩ӱີি൝ࡾƶ܌඗ȥǴȃƳࠉ୩ƝǔƧº
ƥƶۼ'%%*ై࢖Ƴࠍ݉ƝǔƧíӱີি൝඲îƳǐƫƮ௾୩ӱີি൝ࡾưƟƮࠉ୩Ɲǔ¹ێ
ƟƌࡷϞƌƔ຤מƝǔǓƛưưƲƫƧº෭ైஶƷޚǊ֏෭இƲڽףưƟƮ¹׃૰৵Ƴƒƙ
ǓȑȤǳȦǼȄȜǫǰƶЋஞஇ඄Ђǚൟ৖ƟƮೂौບ࠿ǚ঍୩ơǓƛưǚ๋഍ưƟƧºƲ
ƒ¹ƛƶࡑۊƷíӱີি൝඲îࠍ݉ਕƳ݉ƫƧº 
¸
˅໔๝ǻțڳ০ຊ୩૰ƒǐƻࢍඈ૰ЏƳƒƙǓি൝ંບ঴ƶౝϕ
¸໔๝ǻțƷ¹ಋ৵঎ڈಋ৵ƶ໔๝ҳܔবƳ࠲঎৳ພǻțưƟƮڳ০ƔॳǉǑǔƮƌǓǊ
ƶƯƊǓºƛƶǻțƷíϋਮƗƠǍƎݦ໔܏ѥîఝƳڳ০ƝǔǓǻțƯ¹ࢍඈƳƷݦƶஔ
ਘ֪౉൝Ƴࠉ୩ƝǔƮƌǓíϋਮෝܕૌۍࠀ໾îǚƷƠǉưƟƮ¹඾ƓƲ࠺ਘգ؈Ɣൟര
ƟƮƌǓºƛƶƧǉ¹ݦஷ܉ୋकƷí໔๝ǻțգ؈ඐਙڸ௟ϸОӔîǚ০ƙƮ¹ଳލǚࡑ
ࠍƟƮƌǓº෭ڽףƯƷ¹ǻțڳ০ຊ୩૰ƒǐƻࢍඈ૰ЏƳƒƙǓি൝੏ǚౝϕƟ¹ඐ܅
रࢲ຤ƲࡾǚଋࢽƟ¹ি൝ંບ঴ƶඐਙƳ๡໔ƮǓƛưǚ๋഍ưƟƧº
'#=&Œైஶƶڽף঵ү
˄׃૴৵ƳƒƙǓӱີࡾȑȤǳȦǼȄȜǫǰƶЋஞஇ඄Ђưೂौບ࠿
¸٠෭ۀ׃૰৵ƳিАƟƮƌǓȑȤǳȦǼȄȜǫǰǚڽףઓनưƟƧº޳໬ो൝Ʒюຩೂ
ौƯ੢ौƟƮƒǒ¹ਜ਼ࢽڍƶৡ૨ƳǐǓೂौƔئǉƮ҅ীƯƊǓºਜ਼ࢽڍƶସƝƷŌbϱ
रƳǊƲǒ¹২ƓǑীǛƳࢽݿơǓºГධƯƷӬҹڤࡑơǓƛưǊԏీƯƕƧº
׃૰৵ƶ,Ǭࣗá6Ø?âƳিАƟƮƌǓ,ۛઑ٫'-ۛઑƶЋஞஇ඄ЂǚG6E9GVcYdb
6bea^[^ZYEdanbdge]^X9C6¸඲ǚພƌƮൟ৖ƟƧºŕۛઑ٫ƓǑƷœۛઑá6&Ø6-¹
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ই '¸G6E9 ඲ƳǐǓ஢֡ѐ௫੡ȒȤǟșÓ¾DE6"%&
ԏీƯƕƧ &Ø) ƶȋȮȄƷਙۛઑ6&Ø?Ƴ؁ୋƳࢽ۔ƟƧ૒ٸ
ȋȮȄƯƊǓº
Ŗۛઑ٫ƓǑƷ'ۛઑá7&Ø7'â¹8ۛઑ٫ƓǑƷ+ۛઑ8&Ø8+¹Řۛઑ٫ƓǑƷőۛઑ9&
Ø9+ǚŐbյԗƯޡࢥƟƧº:Ø?ۛઑ٫ƓǑƷƥǔƦǔŌۛઑǚޡࢥƟƮ¹ൟ৖Ƴ׼ƟƧ
áই&âºǆƢ¹8I67඲ƳǐƫƮ9C6ǚଋࢽƟ¹9C6౔ஶ'%Ø)%c\$ɕaǚГ୩ƳଳষƟƧº
E8GEdanbZgVhZ8]V^cGZVXi^dc඲ƳǐǓ9C6ƶ੢൒ƯƷ¹'%ࡾ་ƶȤȮǻțȒȤǟșÓ
á&%ѻ֏âǚພƌƧº੢൒ۼƶǰȮȒȦƷ&#*ĊǝǧȨÓǴǭȦƯ஢֡ѐ௫ǚ݉ƫƧºƥ
ƟƮ¹ਔฯƯϩ୩ƟƧȋȮȄƔࢽ۔ƟƧ&&ࡾ་ƶȒȤǟșÓƳշƟƮ¹9C6ƶࢽ۔ȋȮȄ
ǚൟ৖ƟƧº
ƥƶڤү¹߹ພƟƧ&&ࡾ་
ƶȒȤǟșÓƶƎƩƶ&%ࡾ་
ƯƷ¹ƥǔƦǔ)Ø&%෭ƶȋȮ
ȄƔࢽ۔ƟƧºƟƓƟ¹ƥǔ
ǑƶȋȮȄƷơǁƮƶۛઑƳ
؁ୋƳࢽ۔Ɵ¹ۛઑյƯƶ඄
ЂƔీǉǑǔƲƌ૒ٸȋȮȄ
ƯƊƫƧáই'âºƛƶƛưƓ
Ǒ¹׃૰৵ƶȑȤǳȦǼȄȜ
ǫǰƷ૒Г֬ےƯƊǒ¹ƥǔ
ƔюຩೂौƳǐƫƮ੢ौƟƮ
ƌǓư݂ƐǑǔǓºߵǒ&ࡾ་
ƶȒȤǟșÓƯƷ¹&&෭ƶȋ
ȮȄƔࢽ۔ƟƧƔ¹ƥƶƎƩ
ƶ&%෭ƷۛઑյƯࢽ۔Ƴ඄Ђ
ƔƊǓંٸȋȮȄƯƊƫƧºƛƶڤүǚಶьƟƮ¹ൟ৖ƟƧ'-ۛઑƯ''ࡾ་ƶȋȮȄȌǺ
ÓȮƔكൿƯƕ¹Ћஞஇ඄ЂƔీǉǑǔƧºƟƓƟ¹ؼෆƶۛઑյƯƷ௬ГƶȋȮȄȌǺ
ÓȮǚ࠷ơٲܕƳƊƫƧºƛƶƛưƓǑ¹Г൉ƯƷ࠺ҫá࠺ҹâࢄুƳǐǓ๺঴ೂौǊ݉
ǗǔƮƌǓƛưƔ݂ƐǑǔƧº
ই &¸6Ø9 ۛઑ٫ƶൟര٠෭ۀࡆशଭ
್ݛƷ¹ޡࢥۛઑǚ࠷ơº
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˅໔๝ǻțڳ০ຊ୩૰ƒǐƻࢍඈ૰ЏƳƒƙǓি൝ંບ঴ƶౝϕ
ݦஷ܉ୋकƶí໔๝ǻțգ؈ඐਙڸ௟ϸОӔîƶГОưƟƮ¹इཋ*%ైஶϱݔݶషǆƯ
ƶǻțڳ০ຊ୩૰ƒǐƻࢍඈ૰ЏƳƒƙǓি൝੏ƶଳލڤүǚڸ௟ƟƧºƥƟƮ¹ඐ܅र
ࢲ຤ƲࡾǚଋࢽƟ¹ƛǔǑƶি൝ࡾƶඐ܅ƒǐƻি൝ંບ঴ƶඐਙƳƬƌƮڸ௟ƟƧºƲ
ƒ¹ඐ܅रࢲ຤ƲࡾưƷϱҟƳӻ௓ơǓࡾƯƊǓº൫Ҡ޵ඐ܅඲½ۀଭ੿ऽ༎¹ࡾƶඐ੻
඲¹٠෭ۀ௫ो൝ඐ܅ऽ༎¹գ؈कȧǾȄȂÓǺȑǾǪ¹ƗǆǊưȧǾȄȂÓǺȑǾǪƲ
ƱƳਏ୩ƝǔƮƌǓࡾƯƊǓº
½ႄస་ áԏీࡾঝ¾&݀+๋&%ҭ&-ࡾºࢲ຤Ʋࡾ¾&݀(๋*ҭŒࡾâ
½଺་ áԏీࡾঝ¾&݀&)๋(+ҭ&'*ࡾºࢲ຤Ʋࡾ¾&݀*๋&%ҭ&-ࡾâ
áŌâ ᕄଏ་ áԏీࡾঝ¾&݀'๋)ҭ&%ࡾºࢲ຤Ʋࡾ¾&݀'๋'ҭ'ࡾâ
áōâ ໩ি་ áԏీࡾঝ¾&݀'๋)ҭ&%ࡾºࢲ຤Ʋࡾ¾&݀'๋(ҭ(ࡾâ
áŎâ ׸་ áԏీࡾঝ¾&݀*๋-ҭ&+ࡾºࢲ຤Ʋࡾ¾ƲƟâ
áŏâ ໑रݾଏ་áԏీࡾঝ¾'݀'&๋(*'ҭ'++&ࡾºࢲ຤Ʋࡾ¾'݀,๋&(ҭ&-ࡾâ
áŐâ ୫ি௫൝ áԏీࡾঝ¾+๖&%݀')๋,*ҭ&,*ࡾºࢲ຤Ʋࡾ¾&๖&݀&๋&ҭ
¸¸¸¸¸¸¸&ࡾâ
áőâ ໑߫Ӯ་ áԏీࡾঝ¾&݀(๋&(ҭ(*ࡾºࢲ຤Ʋࡾ¾&݀'๋*ҭ+ࡾâ
áŒâ ǲǻ½ࡾࠃो൝áԏీࡾঝ¾,݀*)๋&**ҭ&'(*ࡾºࢲ຤Ʋࡾ¾*݀',๋)&
¸¸¸¸¸¸¸¸¸ҭ-)ࡾâ
áœâ പଆਖ਼་ áԏీࡾঝ¾*݀&*๋(&ҭ&.*ࡾºࢲ຤Ʋࡾ¾ƲƟâ
(#঵үƶૄ঵ஶ
¸˄׃૴৵໙ЏƳƒƙǓȑȤǳȦǼȄȜǫǰƶЋஞஇ඄Ђƶൟ৖ǚୋƟƮ¹ೂौບ࠿ư૒
Г֬ےƯƊǓƛưƶӶ໗ǚౝϕơǓƛưƔƯƕƧºƥƶƧǉ¹ݶైஶƶ๋഍Ʒૄ঵ƯƕƧ
ư݂ƐƮƌǓº
˅ি൝ંບ঴ƶౝϕưඐਙƳƬƌƮƶڸ௟ƔଆࡑƳॳǛƯƌǓº
)#ݶైஶƶ๓ભƲƱ
¸˄ൟ৖ઓनۛઑ٫ư߹ພơǓȤȮǻțȒȤǟșÓƶঝǚ੢ǌƟƮൟ৖ুஶǚƊƚǓഁ຤
ƔƊǓºȑȤǳȦǼȄȜǫǰƔíӱີি൝඲îƳǐǓ௾୩ӱີি൝ࡾưƟƮࠉ୩ƝǔƧƧ
ǉƳ¹ࡷϞƌƳ׳ҧǚࢄƙǓƲƱƔഁ຤ưƲǓº
¸˅௾ƳƲƟº
*#&-ైஶƶ๋இ½๋഍
¸&,ైஶƳ٠෭પԙশ߉਴੧ڽףǶȮǺÓƶȒȨǳǢǪȃڽףá൲঵&,ØŌŔైஶâƳí๺
ฯӥ½ಣનӥƶি൝঺੬գ؈ƶഓҤ½ඐਙ½ޙিáનഒ¾ఝ๝âîƔޡવƝǔƧƧǉƳ¹
ଇढ़ȜȮȋÓƯƊǓЖۂજהؐࢇưưǊƳࡷǒਭǈຊ୩ƯƊǓº
+¼&,ైஶƶڽף೨ࡷ௻ीؒ
¸¸ƲƟº
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,¼&,ైஶƶڽףದഒ¹௾׳ीؒ
á&âۍଙཉ൫ƳǐǓದഒ
¸¸˄ݦఝࠠáཋ൫â
¸¸¸¸ƲƟº
¸¸˅ݦްࠠá҇൫â
¸¸¸ŌâIZihj`VI#VcYJX]^cd6#!àKVg^Vi^dc^chZZYh]VeZVcY]jh`
¸¸Xdadg^c?VeVcZhZcVi^kZXjai^kVghd[XdbbdcWjX`l]ZVi
;V\dengjbZhXjaZcijbBdZcX]#¸EaVciEgdYjXi^dcHX^ZcXZ!
-&/+%"+)#'%%*#
á'âۍଙཉ൫ϱӱǐǓದഒ
˄ଙࣞ
&ఝ๝ฯ௼»ßो൝৾ॐઑ߁঵඲¾ୢҜ໊ࣕ඲àºൔЍ֔ГඇíǪȨȝǸ
Óț"""ो൝৾ॐઑڽף඲îຩۄ௭ºee#'%"'&á'%%*âº
'ఝ๝ฯ௼»ßो൝৾ॐઑ߁঵඲¾௾ࡻƲ৾ॐઑࠟ໬àºൔЍ֔ГඇíǪ
ȨȝǸÓț"""ो൝৾ॐઑڽף඲îຩۄ௭ºee#*."+%á'%%*âº
(ఝ๝ฯ௼»ß৾ॐઑࠟ໬¾ࠟ໬ो൝А঵඲àºൔЍ֔ГඇíǪȨȝǸÓ
ț"""ो൝৾ॐઑڽף඲îຩۄ௭ºee#'',"''.á'%%*âº
˅ඦݥࣞ
&ఝ๝ฯ௼¸ઁőอá٠෭ࠅգ؈ड़ׁӔ࠺ਘգ؈൉Ӕâ¹ßࠅภưૼƗॠ
ƟƌíॢƶறîƭƗǒ"""٠෭ࠅ໻ƶ֏෭ڐӋàº&(%ൺº٠෭ࠅգ؈
ඐਙؤ໻ඐਙӀáඇâ¹٠෭ࠅ¹á'%%*âº
'ఝ๝ฯ௼½Жۂજה½Ԃ෭໠࠲½ൔ஡๦½र੿ࣿ¹ß๺ฯӥ½ಣનӥƶি൝঺੬
գ؈ƶഓҤ½ඐਙ½ޙিଇյඦݥࣞà൲঵&,ైஶ٠෭પԙশ߉਴੧ڽףǶȮ
ǺÓȒȨǳǢǪȃඦݥࣞº'(,"'*.ൺº٠෭પԙর߁਴੧ڽףǶȮǺÓ¹٠෭ࠅ¹
¸¸¸á'%%+âº
á(âԙӔದഒ
˄ंગ݋Ѯ
¸¸¸ƲƟ
˅Гೃ݋Ѯ
&޷෭२໊ࠃá٠પ½࠺ਘҭԙâ½മяఁ½उЍ়൫á׻પ½ॶյ½գ؈â½
޸஡ཋܥáـપ½ি൝ࠢےâ½ఝ๝ฯ௼á٠પ½໊â¾ȚȃǮȮȄȥǝ
9C6ӕ৖Ƴ֏ƭƗـ࢐ࣹ߫ٸȑǼǰȮǲȢǡǡǥƶڈ௚૰໊ºష෭ᕄ
¸¸¸¸ଏ໩঺་ԙӔફ))ӖપӔá'%%*#&&#&'"&(!௉ෝપԙâº
á)â௾׳ीؒ
¸¸¸¸ƲƟº
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൲঵ 17ైஶڽף঵үඦݥ
ڽףӀભอ¾գ؈ѽ৾൝ࡐƶȋǟǥ½ȧȜȂǟǣÓǲȢȮ
ࣗੳ½ࠒอ¾࠺ਘҭԙڽףҭգ؈؁িҭԙ৳ܫܢЏգ؈ඐਙܞԙ݋ޕ½ۜ৵¸ڴ࠲
Ō¼ ڽף๋இ½๋഍
áŌâH15ైஶØ21ైஶƳƒƙǓ๋இ½๋഍
൷ޒ঴ஶƔଙƟƗݗƌ๺ฯ½ಣનӥƶമюຩҠƶॳ݉ƔપƕƲࡡӔ๓ભưƲƫƮƌǓº
ଃਬ¹ȥȮƶюຩѻƔ঎ЏമюຩҠƶۍП൝ࡐƯƊǓƔ¹ƥƶѽ৾ےưƟƮƷܞष౬঎ư
Ɠҟ঎໊ࣕष௖ƶȘǟȮȃǸÓǴưౙ૰௖ƓǑƶȉȮȘǟȮȃǸÓǴƔװƚǑǔǓºȘǟ
ȮȃǸÓǴƳƷ¹঎Џգ؈֏࣍ǚૄ঵ơǓƧǉƳ¹ێƟƌ౬঎֏࣍áT-N 10mg/l¹T-P 1mg/lâ
Ɣ঎ࡐѽ઼ේࠐ඲Ƴ֏ƭƌƮƓƙǑǔǓǊƶưຊੀƝǔƮƌǓº
¸౬঎ƓǑƶଃਬࣩ׫඲ƳշƟƮƷ¹ƛǔǆƯি൝ԙஇƲखҠ¹ેଃಶ҃ǚਭǇݜǗƣƧ
໊ࣕධ඲ƔஉພƝǔƮƕƧƔ¹ƥƶࡑࠍƳƷ׭પƲ໊ࣕǲǴȁțƔഁ຤ưƲǓƸƓǒƓ¹
໊ࣕǮǴȃǊࢫີƶ BOD¹SS ࣩ׫ǚ๋இưƟƧ 2 ࠰໊ࣕƶ๢ 1.5 ౵ƳǊƲǓƛưƓǑ¹
ܑ໓இ¹ډޤஇƲюຩѻࣩ׫ධ඲ƶӬದƔාǆǔƮƌǓº
¸1995 ైƳǥȤȮǻƶȂȦȐȃܞҭપԙƶڽףǫȦÓȒƓǑඦݥƝǔƧॠƟƌଃਬƶન
ࡤډ༲ƯƊǓڲ֡঴ǝȮȝȆǝ߱Ҡ(Anaerobic ammonium oxidation: Anammox)Ʒ¹ƛǔǆ
Ưƶଃਬࣩ׫ƶӶ౉ǚપƕƗ඄ƐǓǊƶƯƊǓƛưƓǑંƗƶڽףࡣƶ଎๋ǚࢥǉ¹ƥƶ
ୈࠟƔ݉ǗǔƧƔ¹Anammox ެظƔিАੱஶƶଙƟƗૺƌڲ֡঴ƶ࠺юຩ঴ެظƯƊǓ
ƛưƓǑ¹ƥƶ෩ƱƔࡉ౭ƳࢗǗƫƮƌǓº
¸ܞԙ൉գ؈ǲǴȁțܞԙҭƶۜ৵ڽףࡋƯƷ¹1996ైƓǑƛƶ Anammoxެظƶࢥ৘Ƴ
շơǓڽףǚӬࠀƟ¹ȘȥǣǴȁȦৄഩॎരǚ೰ি൝ƶപଆ૕ઑưƟƮԩພƟƧरܕ໙Ǧ
ȤțȥǝǪǺǚພƌƮష෭ƯࠀǉƮ¹ফӧƯǊŎ್๋Ƴ Anammox ѽஂƶࢥ৘౶ຩƳ঵ܐ
ƟƧº۔޲ Anammox ǚԩພƟƧ౬঎໊ࣕǲǴȁțƶԏ໔Ƴܕƙ¹50 l ƶຓ৘ƶપٸȥǝ
ǪǺǚԩພƟƮ Anammoxѽஂƶપ໷౶ຩƳշơǓڽףǚࡑࠍƟƮƌǓº
¸൲঵ 15 ైஶØ21 ైஶƶڽף֛յଇƯƷ¹ƛƶࢥ৘Ƴ঵ܐƟƧ Anammox ѽஂǚԩພƟ
Ʈ¹ƛǔǆƯƳਙƗඦݥƝǔƮƌƲƌॠ֩Ʋଃਬࣩ׫඲ǚӬದơǓƛưǚ๋இưƟƮڽף
ǚ݉Ǝຊ୩ƯƊǓº
áōâH17ైஶƳƒƙǓ๋இ½๋഍
Ōâ50 l ȥǝǪǺƶǼȞȮȏǥȮȂÓǺƶԏ໔ǚ๋ࠉƟƮ¹ƛǔǆƯƶࠟۊƯ௻ǑǔƧ૯
ۂǚǊưƳ¹૜֛յƯƶݗƌଃਬࣩ׫ੱஶƶૄ঵ǚҧౖươǓ౶ຩָࢾǚԏ໔ơǓº
ōâPVA ǭȦȎÓǵǚ૕ઑươǓ Anammox ໙௫ࣽƯ¹ݗƌଃਬࣩ׫ੱஶƔૄ঵ƯƕǓƓ
ƱƎƓǚڸ௟ơǓưưǊƳ¹ƥƶф஛௾঴ǚিƓƟƧݗ౔ஶǝȮȝȆǝս๺౬঎ǀƶஉພ
ƶҧౖ঴ƳƬƌƮڸ௟ơǓº
Ŏâॠ֩૕ઑưƟƮȝȦȃǶȤȚǾǪǴǚ߹ƫƧ AnammoxȥǝǪǺǚܲૼơǓº
ŏâSNAP ඲ƶ໊ࣕ௾঴ǚฯǑƓƳơǓưưǊƳ¹SNAP ඲ƶঀੱ໔Ʃरƚ඲ƶԏ໔¹ƥ
ǔƳࡑ౬঎ǀƶஉພƯ๓ભưƲǓ¹๺֞൝౔ஶƶы؜ƳƬƌƮࡑۊஇƳڸ௟ơǓº
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ō¼ ڽףධ඲
Ōâ50 lຓƶഩॎരǚ೰ি൝പଆ۞୩Ҡ૕ઑưƟƮԩພƟƧપٸरܕ໙ǦȤțȥǝǪǺƯ¹
NH4-N ư NO2-N ƓǑƲǓݜ঵ฤ֞౶૰ǚ߹ƫƮ¹߅ైஶƳ௻ǑǔƧڤүǚǊưƳƟƮ¹
૕ઑƶࢩஓධ඲¹֏ࡐƶ׼רධ඲¹ാҼ໷ƶƓƙධ௖ǚܞബƟ¹૜֛յƳ T-Nຓ৘ࣩ׫ੱ
ஶ 1.0kg-N/m3/d ǚૄ঵ơǓºܮƳ¹ƛǔǆƯƳ 50źȥǝǪǺƯ௻ǑǔƧޚપଃਬࣩ׫ੱ
ஶ 2.5 kg-N/m3/dǚरӖǓࣩ׫ੱஶǚૄ঵ơǓƛưǚ๋ࠉƟƮ༫੶໊ࣕࠟۊǚ݉Ǝº
ōâPVA ǭȦȎÓǵǚ૕ઑươǓ Anammox ໙௫ࣽƯ¹Ʊƶ୷ஶƶݗƌଃਬࣩ׫ੱஶƔૄ
঵ƯƕǓƓ¹NH4-N ư NO2-N ƓǑƲǓݜ঵ฤ֞౶૰ǚ໙హ֏ࡐưƟƧ༫੶໊ࣕࠟۊƯڸ
௟ơǓº
Ŏâॠ֩૕ઑưƟƮȝȦȃǶȤȚǾǪǴǚࡷǒरƚ¹ƛǔǚ೰ি൝૕ઑươǓरܕ໙۞୩
ࣽ Anammox ȥǝǪǺǚ߁ৄƟ¹ƥƶ໔Ʃरƚװ௫ư¹ޚપ௛ૄҧౖƲ T-N ຓ৘ࣩ׫ੱஶ
ǚฯǑƓƳơǓº
ŏâڽףࡋƯॠ֩ƳӬದƟƧ૒Г੊Ưƶ NH4-N ࣩ׫ධ඲ƯƊǓ Single Stage Nitrogen
Removal Using Anammox and Partial Nitritation(SNAP)඲ƶ໊ࣕ௾঴ǚ NH4-Nǚ֏ࡐươǓ
ݜ঵౬঎ǚພƌƧ༫੶໊ࣕࠟۊƯฯǑƓƳơǓºๅ๋ीƶǝǪȥȦਆЄ঴૕ઑáȋǟǥȐ
ǞǾǪǴ¾BXâǚԩພơǓ SNAP ඲ƶঀੱ໔Ʃरƚ඲ƶԏ໔¹๺֞൝౔ஶƶы؜ƳƬƌ
Ʈ¹ຓ໷ 10 lƶȥǝǪǺǚພƌƮࡑۊஇƳڸ௟ơǓº
Ŏ¼ ڽף঵ү
ŌâਕైஶǆƯƶࡶƲڽף঵ү
˄¸¸50 lƶຓ৘ƶપٸरܕ໙ǦȤțȥǝǪǺƶঀੱ໔Ʃरƚ
50 l ƶຓ৘ƶપٸरܕ໙ǦȤțȥǝǪǺƶҟ૫ưर૫ƳࢩஓơǓഩॎരƶࢩஓԥݜǚҟ
૫ƳธƳ¹र૫ƳਫƳ඄ܮơǓưưǊƳ¹ȥǝǪǺଇ૫ƓǑǊ໙హാҼ໷ƶ 1/3 ୷ஶǚൟ
଎׼רơǓධ඲ǚޡພƟ Anammox ȥǝǪǺƶঀੱ໔Ʃरƚࠟۊǚ݉ƫƧºƥƶڤү¹
Anammoxಶ҃ƔۉଙưƲǓ T-Nຓ৘ࣩ׫ੱஶ 0.6kg-N/m3/d୷ஶǚ 2ȱڧƯૄ঵ƯƕƧƔ¹
ƥƶۼƷ߅ైǆƯƶ 15 l ຓƶǦȤțȥǝǪǺƶࠟۊڤүưೝǁƮ T-N ຓ৘ࣩ׫ੱஶƶॖ
ƻƔૺǔƧºƛƶ໊຀ưƟƮ¹ଇյ൉ƓǑƶ֏ࡐƶ଎హǚ݉Ǝ଎హըƔ Anammox ѽஂƳ
ǐǒ൷ޜƟ¹֏ࡐƔȥǝǪǺఝƳجГƳ׼רƝǔƲƓƫƧƛư¹ഩॎരƶࢩஓธஶǚҟ൉
ƯݗǉƧƛưƔ֏ࡐƶȥǝǪǺਙઑǀƶঀੱƲǓԉߧǚ໒ੱƟƧƛưƔۍПư঍ߒƝǔƧº
˅ PVAǭȦȎÓǵǚ૕ઑươǓ Anammox໙௫ࣽƶܲૼ
ೝࢲƔ 1.03 ưࣹƝƲ PVA ǭȦȎÓǵǚ૕ઑươǓຓ໷ 2.15 l ƶ໙௫ࣽȥǝǪǺǚ¹ࣕ
໊Ҝஶ 35ą¹रܕ໙ਅੱஶǚ๢ 100m/h ƳЄ࠮ƟƧऽڨƯ¹ാҼ໷ǚ૫ӭஇƳݗǉǓධ඲
Ư T-Nຓ৘ࣩ׫ੱஶ 0.7kg-N/m3/dǚૄ঵ơǓƛưƔƯƕƧº
ˆ¸¸ॠ֩૕ઑƳǐǓ Anammoxѽஂƶࢥ৘
ȎÓȦৄ੧ƶްƶ߄ǒƓơǚ۞ҠÔ૛Ҡ໊ࣕƟƧȝȦȃǶȤȚǾǪǴáໞٻ¾3ô5mm¹
ೝࢲ¾1.96¹൲جܛٻ¾21.7łâǚ૕ઑưƟƮ 0.65źࢩஓƟƧຓ໷ 1.62 l ƶरܕ໙۞୩ࣽ
ǦȤțȥǝǪǺǚܲૼƟ¹Anammox ѽஂƶࢥ৘ࠟۊǚ݉ƫƧºƥƶڤү¹ޚࣖƶōȱڧ
Ʒઁƶ૕ઑư௬୷ஶƶ໔ƩरƔǒǚ࠷ƟƧǊƶƶ¹߹ພƟƧȝȦȃǶȤȚǾǪǴƶໞٻƔ
3ô5mmưࣹƝơƖƧƛưƓǑ 0.2 kg-N/m3/d୷ஶƶ T-Nຓ৘ࣩ׫ੱஶƯ௧ઊƩưƲƫƧº
ˇ¸SNAP඲ƶ໊ࣕ௾঴ƶڸ௟
ๅ๋ीƶǝǪȥȦਆЄ঴૕ઑáȋǟǥȐǞǾǪǴ¾BXâǚԩພơǓ SNAP඲ƳƬƌƮ¹
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ƥƶ໊ࣕ௾঴ǚ NH4-N ǚࡶ঵ൟươǓݜ঵ฤ֞౬঎ǚ໙హ֏ࡐươǓ༫੶໊ࣕࠟۊƯฯ
ǑƓƳƟƧºƥƶڤү¹໊ࣕҜஶǚ 35ą¹pHǚ 7.5¹੊ఝ DO౔ஶǚ 2-3 mg/lƳЄ࠮ƟƧ
ऽڨƯ¹NH4-Nຓ৘ാҼ໷ǚ 0.5kg-N/m3/dƳ০୩ơǓƛưƯ¹70ô80Ċƶଃਬࣩ׫໓ǚૄ
঵ơǓƛưƔƯƕƧº
ōâ௓ӻైஶƯ௻ǑǔƧ঵ү
˄ ഩॎരǚԩພƟƧरܕ໙ǦȤțȥǝǪǺƳǐǓ Anammoxѽஂƶપ໷౶ຩࠟۊ
¸ƛǔǆƯƶ 50 lຓƶഩॎരǚࢩஓƟƧપٸरܕ໙ǦȤțȥǝǪǺƳǐǓ Anammoxƶঀ
ੱ໔ƩरƚƯƷ¹T-Nຓ৘ࣩ׫ੱஶƔ 0.5ô0.6 kg-N/m3/dƳૄƟƧ૫ӭƯ 50ష୷ஶƶȤǫ
ǺǟțƔऺƳۂǑǔ¹ƛƶ֛յǚƌƓƳ૜ࢹơǓƓƔ๓ભƯƊƫƧºݶైஶƶ౶ຩࠟۊƯ
Ʒ¹ാҼ໷ƶƓƙධǚƛǔǆƯ଀৘ƟƮƕƧ Anammox ѽஂƶ౶ຩȉǡȊǡƳ֏ƭƌƮ¹
໙హ NH4-N ư NO2-N౔ஶƔ 150mg/LǆƯƷ౔ஶǚݗǉǓƛưƯຓ৘ാҼ໷ǚݗǉ¹ƥǔ
ϱݔƷ໙హ঎໷ǚݗǉǓධ඲Ưຓ৘ാҼ໷ǚݗǉǓධ඲Ƴ඄ܮơǓưưǊƳ¹ǦȤțଇҀ
൉ƓǑ׼רơǓ֏ࡐƶԥݜǚࣩ׫ੱஶƶݗǆǒưưǊƳݗǉǓධ߉ǚưƫƧºƥƶࠟۊڤ
үǚইÔŌƳ࠷ƟƧº
¸¸¸¸¸¸¸ইÔŌ¸ଃਬࣩ׫ੱஶƶډష඄Ҡ
ƛƶڤү¹౶ຩ 5 ȱڧƯ T-N ຓ৘ࣩ׫ੱஶ 1.0 kg-N/m3/d ǚૄ঵ơǓƛưƔƯƕƧºƥ
ƶۼ¹T-Nࣩ׫ੱஶƷࣔଳƳݗǆǒ¹250షۼƳƷ 2.6 kg-N/m3/d ƶ T-Nຓ৘ࣩ׫ੱஶǚૄ
঵ơǓƛưƔƯƕƧº
¸ƛǔưƷൿƳ¹ŌŐźƶरܕ໙ǦȤțȥǝǪǺƳǐǓ௬ບƶ Anammox ƶঀੱ໔Ʃरƚ
ࠟۊǚ݉ƫƧºƛƶࠟۊƯƷ¹50źຓƶǦȤțȥǝǪǺƶǐƎƳ¹ഩॎര૕ઑǚ 2ൟԥƟ
ƲƌƯࢩஓƟƧºƛƶࠟۊƯƷ¹50źຓƶǦȤțȥǝǪǺư௬ບƶ౶ຩȒȨȃǮȦƳҦƐ
Ʈ¹௾Ƴ໊ࣕ঎ƶ NO2-N ౔ஶƔ 20mg/l ǚڡƟƮѠƐƲƌǐƎƳാҼ໷ƶƓƙධƳໜϼƟ
Ƨºƥƶ౶ຩڤүǚ¹ইÔōƳ࠷ƟƧº
¸ইÔōƳ࠷ƟƧǐƎƳ¹Ȥǫ֛ƲƟƳࣔଳƳ T-Nຓ৘ࣩ׫ੱஶƔݗǆǒ¹ф஛Ӭࠀ 3ȱ
ڧƯ T-N ຓ৘ࣩ׫ੱஶ 3.0 kg-N/m3/d ǚૄ঵ƯƕƧºƥƶۼǊ T-N ຓ৘ࣩ׫ੱஶƔࣔଳƳ
ݗǆǒ¹౶ຩ 5ȱڧۼƳƛǔǆƯڽףࡋƯૄ঵ƟƧƛưƶƲƌ 5.0kg-N/m3/dưƌƎݗƌ T-
N ຓ৘ࣩ׫ੱஶǚૄ঵ơǓƛưƔƯƕƧºƛƶڤү¹ǦȤțҟ൉ƓǑर൉ǆƯ༫੶ƟƧഩ
ॎര૕ઑǚພƌǓƛưƯ¹Anammox ѽஂƔǦȤțҟ൉ƓǑर൉ǀǴțÓǴƳ੢ौơǓƛ
ư¹ƥǔƳ֏ࡐ౔ஶǚरƚƲƌƯ໙హ໷ǚरƚǓƛưƯ໙హാҼ໷ǚݗǉǓƛưƯ¹ݗƌ
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T-Nຓ৘ࣩ׫ੱஶǚૄ঵ơǓƛưƔฯǑƓưƲƫƧº
¸¸¸¸¸¸¸¸¸¸ ইôō¸ଃਬࣩ׫ੱஶƒǐƻ HRTƶډ࠯඄Ҡ
˅ PVAǭȦȎÓǵǚພƌƧ Anammox໙௫ࣽƳշơǓڽף
¸ೝࢲƔ 1.03ƶ PVAǭȦȎÓǵǚ૕ઑưƟƮ 20ĊƶۂƓƙຓ໷Ư߹ພƟƧຓ໷ 2.15 lƶ
໙௫ࣽȥǝǪǺǚ¹໊ࣕҜஶ 35ą¹रܕ໙ਅੱஶǚ๢ 100m/h ƳЄ࠮ƟƧऽڨƯ¹ാҼ໷
ǚ૫ӭஇƳݗǉǓධ඲Ư NH4-Nư NO2-NƓǑƲǓݜ঵ฤ֞౶૰ǚ߹ƫƮ¹༫੶ф஛ƟƧº
áইÔŎâ
¸¸ইÔ3¸PVAǭȦȎÓǵǚພƌƧ Anammox໙௫ࣽƶ T-Nࣩ׫ੱஶƶډ࠯඄Ҡ
۔޲ǆƯƳ T-N ຓ৘ࣩ׫ੱஶ 3.5kg-N/m3/d ǚૄ঵Ưƕ¹໙௫ࣽƳǐǓ Anammox ໊ࣕƔ
ҧౖƯƊǓƛưƔฯǑƓƳƲƫƧºƛƶǐƎƲݗƌ T-Nຓ৘ࣩ׫ੱஶǚ¹ഩॎരǚ߹ƫƧ
रܕ໙ǦȤțȥǝǪǺƳǐƎƳ૕ઑƶ൷ޜưƌƫƧ๓ભƲƟƳ¹ϩ୩ƟƮЄ࠮ƯƕǓƛư
ƔฯǑƓưƲƫƧº
ˆ ȝȦȃǶȤȚǾǪǴǚ೰ি൝૕ઑươǓरܕ໙۞୩ࣽ Anammox ȥǝǪǺƶ໊ࣕ
௾঴ƶڸ௟
ȎÓȦৄ੧ȒȨǶǴƓǑದিơǓ߄ǒƓơǚે঎¹঵ٸ¹૛Ҡ໊ࣕơǓƛưƳǐǒ௻Ǒǔ
Ǔໞٻ¸10ô15mm ƶȝȦȃǶȤȚǾǪǴǚ Anammox ѽஂƶ౶ຩ૕ઑưƟƮԩພƯƕǓ
ƓƱƎƓ¹NH4-N ư NO2-N ƓǑƲǓݜ঵ฤ֞౶૰ǚ߹ƫƮ 1.62źƶ۞୩ࣽȥǝǪǺǚ߹
ƫƧ༫੶໊ࣕࠟۊƳǐƫƮڸ௟ƟƧºƥƶڤү¹ໞٻƶપƕƲȝȦȃǶȤȚǾǪǴǚ߹Ǝ
ƛưƳǐǒ¹ਕైஶۂǑǔƧ¹ি঵ AnammoxѽஂƳǐǓ๋׊ǆǒǊƲƗ૜֛յƯ Anammox
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ȒȨǶǴǚ໔ƩरƚǓƛưƔƯƕ¹¸Ŏȱڧƶ౶ຩƯ¹T-Nຓ৘ࣩ׫ੱஶ 3.0 kg-N/m3/dǚ
ૄ঵ƯƕƧºáইÔŏâȝȦȃǶȤȚǾǪǴƳƷ¹๺֞൝ƶטଆౖ໺ǊƊǓƛưƓǑ¹
Anammox ඲ǚ๺֞൝Ɣս๺ƝǔǓࡑ౬঎໊ࣕƳஉພơǓްƳ๺໅ưƲǓƛưƓǑ¹
Anammoxƶ૕ઑưƟƮ๺ාƯƊǓƛưƔ಴ฯƟƧº
¸¸¸¸¸¸¸
¸¸¸¸¸ইÔŏ¸MCǚԩພơǓ Anammox۞୩ࣽƶ T-Nࣩ׫ੱஶƶډ࠯඄Ҡ
ˇ¸¸¸SNAP඲ƶ੆֛໔Ʃरƚ඲ƳշơǓڽף
ๅ๋ीƶǝǪȥȦਆЄ঴૕ઑáȋǟǥȐǞǾǪǴ¾BXâƳ¹Anammox ѽஂǚޚࣖƳപ
ଆ۞୩ҠƟƧۼ¹खҠԩ঴ѽஂǚƥƶरƓǑപଆ۞୩ҠơǓƛưƯ SNAP඲ǚ 1ȱڧϱఝ
Ƴ໔ƩरƚǓƛưƳ঵ܐƟƧºáইÔŐߣओâ
¸¸ইô5¸SNAP੆֛໔ƩरƚƳƒƙǓଃਬࣩ׫໓ƶډష඄Ҡ
SNAP ඲ǚࡑ౬঎ƶ໊ࣕƳஉພơǓްƳ๓ભưƲǓ¹๺֞൝౔ஶƶы؜ƳƬƌƮࡑۊஇ
Ƴڸ௟ƟƧڤү¹ǫȦǮÓǴǌআ߱ƶǐƎƲϾൟӕ঴ƶ๺֞൝Ɣ໙హ঎ଇƳ੻޲ơǓषݜ
ƳƷ¹SNAP ඲Ɣ๺֞൝ƳǐƫƮਰӳǚࢄƙǓƔ¹෵ǉ໔Ʈ૰।ࢽ঎ƶǐƎƳഺो൝ࡐƶ
ǐƎƲబൟӕ঴ƶ๺֞൝ƶषݜƳƷ¹Anammox ಶ҃Ɣ๺֞൝ƳǐƫƮ୷પƕƲы؜ǚࢄ
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ƙƲƌƛưƔฯǑƓưƲƫƧº
ŏ¼ ঵үƶૄ঵ஶ
¸Anammox ඲ƶࡑພҠǚ๋ࠉƟƮ¹ƛǔǆƯԇࡾƶ೰ি൝૕ઑǚ߹ƫƧरܕ໙۞୩ࣽٸ
ȥǝǪǺư PVA ǭȦȎÓǵǚ໙௫૕ઑươǓ໙௫ࣽȥǝǪǺǚພƌƮ¹Anammox ѽஂƶ
પ໷౶ຩƳƬƌƮڸ௟ƟƮƕƧºƥƶڤү¹ഩॎരǚ૕ઑươǓरܕ໙۞୩ࣽٸȥǝǪǺ
ƯƷ¹50źǆƯƶǴǬÓȦǝǾȒƳ঵ܐƟ¹࠯յƷƓƓǓǊƶƶ T-N ຓ৘ࣩ׫ੱஶ 3.0
kg-N/m3/d ǚૄ঵ơǓƛưƔƯƕƧºǆƧ¹15 l ຓƶഩॎരǚ߹ƫƧरܕ໙۞୩ࣽٸȥǝ
ǪǺƯƷ¹3ȱڧưƌƎ૜֛յƳ T-Nຓ৘ࣩ׫ੱஶ 3.0 kg-N/m3/dǚૄ঵ơǓƛưƔƯƕ¹
Anammox ඲ࡑພҠƶફГշ๖ƯƊǓ૜֛յƯƶ Anammox ѽஂƶપ໷౶ຩƳ๋ࣕǚƬƙ
ǓƛưƔƯƕƧº
¸PVAǭȦȎÓǵǚ໙௫૕ઑươǓ໙௫ࣽȥǝǪǺƯƷ¹ƛǔǆƯƳ T-Nຓ৘ࣩ׫ੱஶ 3.0
kg-N/m3/d ǚૄ঵Ưƕ¹ϩ୩ƟƮ໙௫ࣽȥǝǪǺǚф஛ƯƕƮƌǓƛưƓǑ¹SS ঵ൟƶં
Ɨ¹ݗ౔ஶƶ NH4-N ǚս๺ơǓ౬঎Ɣ໊ࣕઓन౬঎ưƲǓǐƎƲषݜƳƷ PVA ǭȦȎÓ
ǵǚ໙௫૕ઑươǓ໙௫ࣽȥǝǪǺƔ๺໅ưƲǓƛưƔฯǑƓưƲƫƧº
¸SNAP ඲ƳƬƌƮƷ¹Anammox ѽஂǚޚࣖƳപଆ۞୩ҠƟƧۼƳखҠԩ঴ѽஂѽஂǚ
പଆ۞୩ҠơǓධ඲Ư SNAP඲ǚŌȱڧϱఝƳ໔ƩरƚǓƛưƳ঵ܐƟƧºǆƧ¹ҢǑƓ
ƶি൝໊ࣕډƧۼƶ໊ࣕ঎ƯƊǔƸ¹ߵ੻ơǓ๺֞൝ƳǐƫƮ SNAP඲ƔપƕƲы؜ǚࢄ
ƙƲƌƛư¹ݗ౔ஶƶ NH4-N ǚս๺ơǓ౬঎ƯƊǔƸ¹1.0 kg-N/m3/d ƶ T-N ࣩ׫ੱஶǚ
ૄ঵ơǓƛưƔƯƕ¹SNAPࡑພҠƳ๋ࣕǚƬƙǓƛưƔƯƕƧº
Ő¼ H18ైஶƶ๋இ½๋഍
ݶైஶƷ¹ࡑ౪঎ǚઓनưƟƧ Anammox ໊ࣕࠟۊǚ݉ƌ¹Anammox ƶࡑພҠƳ๋ࣕ
ǚƬƙǓƛưǚ๋இƳڽףǚ݉ƎºٌઑஇƳƷ¹ݗ౔ஶ NH4-N ս๺౪঎ưƟƮ¹૽߫౪
঎ƶڲ֡঴ऎҠે໐њǚઓनƳ¹Anammox ƶਕ໊ࣕưƟƮƶ൉ൟψख໊߱ࣕư¹൉ൟψ
ख໊߱ࣕњǚઓनưƟƧ Anammox໊ࣕǚȔȮǼǴǬÓȦƶ໊ࣕࠟۊƯڸ௟ơǓº
ഩॎരϱӱƶ૕ઑƯƊǓ PVA ǭȦȎÓǵ¹ȝȦȃǶȤȚǾǪǴƳƬƌƮǊ¹ƥƶ௾঴
ǚিƓơǁƗ¹ƛǔǑ૕ઑǚԩພƟƧ Anammox ȥǝǪǺǚພƌƮࡑ౬঎ǚພƌƧ༫੶ࣕ
໊ࠟۊǚ݉Ǝº
SNAP ඲ƳƬƌƮƷ¹ƥƶǴǬÓȦǝǾȒƔ๓ભưƟƮߵǓƛưƓǑ¹ॠ֩Ƴنٺȥǝ
ǪǺƶǇƯƲƗ¹ǴǬÓȦǝǾȒƔຓϾƯ¹ȋǟǥȐǞǾǪǴǚ௬ढ़ѤीƳ౴૷ơǓƛư
ƶƯƕǓǦȤțٸƶપٸȥǝǪǺǚਭǇ໔Ʈ¹ݜ঵ฤ֞౬঎ǚ߹ƫƧ໊ࣕࠟۊǚ݉ƌ¹
SNAP඲ƶǴǬÓȦǝǾȒƳƬƌƮڸ௟ơǓº
¸
ő¼ H17ైஶƶڽף೨ࡷ௻ीؒ
¸൲঵ 17ైஶƷ¹Anammoxư SNAPƳշƟƮϱҟƶڽף೨ǚԎ௻Ɵ¹ƛǔǑƶڽףࠢؽ
ǚ߹ƫƮڽףǚࡑࠍƟƧº
½ҭڽ೨¸֏೎ڽףáBâ540ญѤ
½؁௬ڽף¾цۍৄ߁ࣗ¸200ญѤ
½ࣴԙ֒ൂؽ
ǝǰȍȎÓȦ¸100ญѤ
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ǪȤȧ¸¸¸¸100ญѤ
ǺǪș¸¸¸¸100ญѤ
ǥȦǧȉ¸¸¸100ญѤ
ష໔੧ਊ¸¸¸ 30ญѤ
Œ¼ H17ైஶƶڽףದഒ¹௾׳ीؒ
áŌâۍଙཉ൫ƳǐǓದഒ
Ôݦఝࠠáཋ൫âÔ
½¸ݶश༚¹௼മܜฯ¹ۜ৵ڴ࠲¾Anammox ȒȨǶǴƳஉƟƧȥǝǪǺÓƶڸ௟¹঎գ
؈ԙӔࠠ¹Vol.28, No.3, pp.185-190(2005)
½ݶश༚¹Ҳ๝ປ൲¹ۜ৵ڴ࠲¾Anammox ǫȤȆȠÓȦǚԩພơǓ૒Г੊ଃਬࣩ׫ȥǝ
ǪǺƶ໔रƚưƥƶы؜Пࠃ¹ష෭঎໊ࣕি൝ԙӔࠠ¹Vol.42, No.1, pp.17-25(2006)
Ôݦްࠠá҇൫âÔ
½Pham Khac Lieu, Ritusuko Hatozaki, Hayato Homan and Kenji Furukawa: Single-Stage
Nitrogen Removal Using Anammox and Partial Nitritation(SNAP) for The Treatment of
Synthetic Landfill Laechate, Japanese J. of Water Treatment Biology, Vol.41, No.2, pp.103-
112(2005)
½ۜ৵ڴ࠲¹߹ພ Anammox ཋ൉ൟψख߱Ҡஇ૒૴ેଃ¹ෝ׻ࠅশܞ୷০ڐڽף੒Цڳ
Ц 50ࢍై֪౉ҭԙཉ൫ࢥ¹pp.809-817(2005)
½Pham Khac Lieu, Tran Hien Hoa, Le Cong Nhat Phuong, Luong Ngoc Khanh, Tran Hieu Nhue
and Kenji Furukawa: Nitrogen Treatment in Wastewater in Viet Nam, Review of Construction,
No.452, pp.41-45(2005)
áōâۍଙཉ൫ϱӱƳǐǓದഒ
Ôಇ߿ཉ൫Ô
½Pham Khac Lieu¾Nitrogen removal from landfill leachate using single-stage process
combining anammox and partial nitritation
áAnammoxư൉ൟψख߱ҠǚਭǇݜǗƣƧ૒Г੊ƳǐǓ෵໔૰।ࢽ঎ƶଃਬࣩ׫â
٠෭પԙપԙЦ࠺ਘҭԙڽףҭಇ߿ཉ൫¹2006.3.24
½ݶश༚¾ฤ߱ਬǝȮȝȆǝ߱ҠáAnammoxâ೰ি൝ǚພƌƧݗാҼٸଃਬࣩ׫ǲǴȁ
țƶӬದ
(Development of high loading nitrogen removal system using Anammox micoorganisms) ¹٠෭
પԙપԙЦ࠺ਘҭԙڽףҭಇ߿ཉ൫¹2006.3.24
Ô࢑߿ཉ൫Ô
½ળཋ়࠲¾ȘȥǣǴȁȦৄഩॎരǚࢩஓƟƧरܕ໙ǦȤțȥǝǪǺƳǐǓ Anammox ѽஂƶપ
໷౶ຩ¹٠෭પԙપԙЦ࠺ਘҭԙڽףҭ࢑߿ཉ൫¹2006.Ŏ
½ౡۤ޽໒ࠃ¾Anammox ư൉ൟψख߱ҠǚԩພơǓ૒Г੊ଃਬࣩ׫áSNAP)඲ƶ໔रƚư໊ࣕƶ
ϩ୩঴¹٠෭પԙપԙЦ࠺ਘҭԙڽףҭ࢑߿ཉ൫¹2006.Ŏ
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൲঵ 17ైஶڽף঵үඦݥࣞ
ڽףҭભอ¾
á6â঎գ؈ѽ৾൝ࡐƶি൝ȝȆǺȥȮǫáࢲउ׹â
á7â঎գ؈ѽ৾൝ࡐƶȋǟǥ½ȧȚȂǞǣÓǲȢȮá้஡ڳ࠰¹ॢ੿฿â
ࣗੳ½ࠒอ¾ܞԙ൉൝ࡐিฮҠԙҭ¸้஡ڳ࠰¹
¸¸¸¸¸¸પԙЦ࠺ਘҭԙڽףҭ¸ॢ੿฿¹ࢲउ׹
¸
Ō¼ڽף๋இ½๋഍
[൲঵ 15ైஶØ21ైஶƳƒƙǓ๋இ½๋഍]
¸঎գ؈ѽ৾൝ࡐƶȋǟǥ½ȧȚȂǞǣÓǲȢȮ໹ЏƯƷ¹॒ടǌॅ੧ǊƟƗƷ૽߫߫أ
௖ƓǑ౬ࢽƝǔǓ๺֞൝౔ஶƶݗƌ౪঎½౪֝൝ǚȜǺȮದݏƳǐǓǰÓșȦȥǰǟǪȦ
ǌȋǟǥȁǪȉȨǳÓǚى߹ƟƮȥǰǟǪȦ½๺ܑ໅ພơǓȒȨǶǴǚԏ໔ơǓƛưƳǐ
ǒ¹ఝ໑൉ƶգ؈ാҼ߂ۑǚইǓºǆƧ঎գ؈ѽ৾൝ࡐƶি൝ȝȆǺȥȮǫƯƷ¹೟൳Ɵ
ƧՒԤƶظਸ਼ǚӕ৖Ɵ¹ՒԤƶिҠౖǚޙিơǓָࢾǚԏ໔ơǓƛưǚ๋഍ươǓº
[൲঵ 17ైஶƶ๋இ½๋഍]
¸঎գ؈ѽ৾൝ࡐƶȋǟǥ½ȧȚȂǞǣÓǲȢȮ໹ЏƳƒƌƮƷ¹˄ҫ૽൨఻ƶȜǺȮದ
ݏƳǐǓǰÓșȦȥǰǟǪȦǚսǈি൝ԙஇ໊ࣕưஔਘȖȦȝȮບ൝ࡐՏਙൟӕƶƧǉƶ
൝໊Ҡԙஇ໊ࣕȒȨǶǴƶڸ௟¹ƒǐƻ˅ऑ଒ृໜ౪њƓǑƶګܤআৄ੧ָࢾƶӬದǚ๋
ࠉƟƧºǆƧ¹঎գ؈ѽ৾൝ࡐƶি൝ȝȆǺȥȮǫ໹ЏƳƒƌƮƷ¹ˆՒԤƶिҠౖޙি
ָࢾƶӬದǚ๋ࠉƟƧº
¸
ō¼ڽף঵ү
2.1 ҫ૽౬ƣƬ൝ƶি൝ԙஇƒǐƻ൝໊Ҡԙஇ໊ࣕ
(1) ࣜۗ
¸٠෭ۀƯƷ૽߫أƔীǛƯƊǒ¹ଇƯǊ׃૴ըఝƷޚǊ૽߫ౙҫƶંƌưƛǕƯƊǓº
ת൨఻Ʒ๺֞൝౔ஶƔݗƗપƕƲգ؈ാҼưƲǒ¹ƥƶǆǆҲ৵Ƴද໙ƯƕƲƌºҫ૽൨
఻Ʒ¹൲঵ 16ై 11ڧƓǑՏਙࠍ݉ƝǔƧíҫ૽౬ƣƬ൝ƶը໊ƶஉ়ƒǐƻ໅ພƶ੨ॳ
ƳշơǓ඲໒áҫ૽౬ƣƬ൝඲âîƳǐǒஉ়Ƴ໊ࣕǊƟƗƷ໅ԩພơǓǐƎƳ֩রƝǔ
ƮƌǓº
¸߅ైஶƷ¹ҫ૽౬ƣƬ൝ƶȜǺȮದݏƳǐǓǰÓșȦȥǰǟǪȦƳƬƌƮڸ௟ƟƧºת
൨఻ƲƱƶҫ૽౬ƣƬ൝ƳƷ¹ஔਘȖȦȝȮ൝ࡐư۝ƸǔǓ௫൝ƶ়ऺƲȖȦȝȮ߁ພƳ
ы؜ǚຌƐǓ൝ࡐƔսǆǔƮƌǓƛưƔǗƓƫƧƶƯ¹෭ైஶƷ¹ஔਘȖȦȝȮ൝ࡐƶՏ
ਙൟӕǚ݂໣ƟƧ¹ি൝ԙஇ໊ࣕư൝໊Ҡԙஇ໊ࣕǚਭǇݜǗƣƧ໊ࣕȒȨǶǴƳƬƌƮ
45
ڸ௟ǚ݉ƫƧº
(2) ࡑۊ޳໬ƒǐƻධ඲
a) ߹ພҫ૽౬ƣƬ൝¾٠෭ۀƶ૽߫ౙҫƓǑ୲׼ƝǔƧת൨఻ǚພƌƧºת൨఻Ʒ૽࡚
ƓǑ૰ҟƶଚ੥ۢƳࢥǉǑǔƧǊƶǚޡࡷƟ¹ڽףࡋƳƒƌƮǱȦ(๋¾2.5 mmö2.5 mm)
ưȓȤǚພƌƮȜǾǲȠǕӄƟת൨఻߄ࢮњưƟƮࡑۊƳ߹ພƟƧº
b) ໊ࣕȒȨǶǴ¾ڲ֡঴໊ࣕ(ݗҜȜǺȮದݏ)ğ֔ࡰğܚ֡঴໊ࣕ(ԩ঴ѽஂ඲)ƶࣔƳি
൝ԙஇ໊ࣕǚ݉ƌ¹࠰ƳǥǹȮǚພƌƧ൝໊Ҡԙஇ໊ࣕǚ݉Ǝ໊ࣕȒȨǶǴǚܲૼƟƧº
ԇ໊ࣕ૫ӭƯ¹঎ࡐѽ઼ஶƶࠉ഍ưƲǓ CODCr½BOD5ƲƱǚ੯୩Ɵ¹๺֞൝ƶࣩ׫໓ǚ
ԏీƟƧº
¸ݗҜȜǺȮದݏƳƷࡑຓ৘ 8 lƶ֞Ӥጂዌٸದݏ੊ǚ߹ພƟ¹Ҝஶǚ 56ąƳর۽ƟƧº
ǆƧ੊ఝњƶ pŜƷ pH ǮȮȃȨÓȤÓƳǐǒ 7.5 Ƴর۽ƯƕǓǐƎƳƟƧºГషƳГӖ
ƶ draw-and-fill ධ࠿Ư໊ࣕࠟۊǚ݉ƫƧºԩ঴ѽஂ੊ƳƷࡑຓ৘ 1.1 l ƶǝǪȥȦৄȥǝ
ǪǺÓǚ߹ພƟ¹Ҝஶ 30ą¹ୋ֡໷ 110 ml/min ƶऽڨƯܚ໊֡ࣕƟƧº൝໊Ҡԙஇ໊ࣕ
ưƟƮƷǥǹȮ߱ҠƳǐǓڸ௟ǚ݉ƫƧº
c) գ؈ȖȦȝȮບԩ঴ƶ੯୩¾ת൨఻ଇƳƷஔਘȖȦȝȮ൝ࡐƶƲƓƯǊ¹ǣǴȃȨȮ
ǌ 17ɋ-ǣǴȃȤǳǥÓȦưƌƫƧஔਘǣǴȃȨǭȮ൝ࡐƶы؜Ɣપƕƌư঍੯ƝǔƧƶ
Ư¹ǣǴȃȨǭȮԩ঴ƶڸࢽƳݏඟ two-hybrid ඲ǚພƌƮ 17ɋ-ǣǴȃȤǳǥÓȦ՘߬૮
ưƟƮ࠷ƟƧº
(3) ࡑۊڤүƒǐƻ݂ߒ
a) ת൨఻߄ࢮњƶਭ঵
ࡑۊƳພƌƧת൨఻߄ࢮњƶ BOD5Ɣ 27600 mg/l¹TOCƔ 9470 mg/l¹۞ٺൟ(SS)Ɣ 58.6 g/l
ǊƊǒ¹ݗ౔ஶ๺֞ڈ౪֝൝ƯƊǓƛưƔԏీƝǔƧºǆƧ¹ǣǴȃȨǭȮԩ঴Ǌ 800 - 900
µg/lڸࢽƝǔƧº
b) ת൨఻߄ࢮњƶি൝ԙஇ໊ࣕ
ת൨఻߄ࢮњǚޚࣖƳݗҜȜǺȮದݏƳǐǒ໊ࣕƟ¹໊ࣕњǚ঎௶঎Ưŏ౵֔ࡰۼ¹ԩ
঴ѽஂ඲Ƴǐǒܚ֡இƳ໊ࣕƟƧº๺֞ڈ۞ٺൟ(VSS)ǌਙ๺֞൝(TVS)ƶൟӕ໓ƷȃÓǺ
ȦƯ๢ 60%ƯƊƫƧƔ¹BOD5Ɣ 90.0%¹ਙ๺֞߱Ʒ 99.7%Ɣࣩ׫ƝǔƮƌƧºǣǴȃȨ
ǭȮԩ঴Ǌ 99%ϱरࣩ׫ƝǔƧƔ¹17ɋ-ǣǴȃȤǳǥÓȦ՘߬૮Ư๢ 1 µg/l ߵ੻ƟƮƒ
ǒ¹ƛƶǆǆƯƷද໙ƯƕƲƌ౔ஶƯƊƫƧº
c) ܚ֡঴໊ࣕ঎ƶǥǹȮ߱Ҡ໊ࣕ
¸బൟӕ঴ƶ๺֞൝Ɣ੻޲ơǓƧǉƓ¹CODCrư TOCƷ 90ൟյƶǥǹȮ໊ࣕۼǊՏਙƳ
Ʒࣩ׫ƯƕƲƓƫƧƔ¹ǣǴȃȨǭȮԩ঴Ʒ two-hybrid ඲ƯƷڸࢽۙӧϱҟƳƲƫƧºǆ
Ƨ¹ॐஶǊ 500ϱҟƳୢҟƟ¹ǥǹȮ໊ࣕǚਭǇݜǗƣǓƛưƶ๺ܑ঴ƔԏీƯƕƧº
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2.2 ऑ଒ृໜ౪њƓǑƶګܤআƶৄ੧ưౖ֞঴ഓҤ
(1) ࣜۗ
¸఩ـ࢐ƳƒƙǓऑ଒ृໜ౪њáϱۼ¹ऑ଒಍ươǓâƶದি໷Ʒ൲঵ 15 ైࢁ੧ైஶƯ
๢ 60 ญ kl ƳǊૄƟƮƌǓºऑ଒಍Ʒ๺֞൝ǚݗ౔ஶƳսǛƯƒǒ¹գ؈ǀƶാҼƷ೪ऺ
ƳપƕƌºǗǔǗǔƷ¹ऑ଒಍ƶ౬ࢽ໷ǚ߂ۑơǓƧǉƳ¹০೮ேࠢơǓƛưƲƗऑ଒಍
໷ǚವۑƝƣǓॠ֩ऑ଒ৄ੧඲ƯƊǓඉƟ߶ݳǇ඲ǚӬದƟ¹ƝǑƳऑ଒಍ƓǑౖ֞঴ǚ
๺ơǓॅ੧আǚৄ੧ơǓָࢾưਭǇݜǗƣƧǷȨǣȚǾǲȢȮऑ଒ৄ੧ȒȨǶǴǚӬದƟ
ƮƕƧº
¸෭ڽףƯƷ¹ऑ଒಍ƓǑƶॅ੧আƶৄ੧ưƥƶি໊ԩ঴á௾Ƴ¹ܨࡿᗡԩ঴âƳƬƌƮ¹
൹ऑ଒಍ƓǑৄ੧ƟƧॅ੧আƳƬƌƮڸ௟ƟƧڤүǚඦݥơǓºॅ੧আƶি໊ԩ঴ǚฯǑ
ƓƳƟƥƶപҦҤ૮ǚݗǉǓƛưƔƯƕǔƸ¹ॅ੧আৄ੧໷Ɣ੢ҦƟऑ଒಍ƶգ؈ാҼ߂
ۑǚૄ঵ơǓƛưƔҧౖưƲǓº
(2) ࡑۊධ඲
a) ऑ଒಍ƓǑƶॅ੧আƶৄ੧
¸ึظǌ۞њൟ໐ǚ݉ƫƮƌƲƌ൹ऑ଒಍ǚ߹ພƟ¹ǪǣȮ߱ઔ঴ǚ๺ơǓআ߱ظ
Acetobacter aceti NBRC3283 ǚພƌƮআ߱ದݏǚ݉ƎƛưƳǐǒॅ੧আǚৄ੧ƟƧºআ߱
ದݏƷ੒ຓ৘ 70 lƶದݏ੊ǚພƌƧӖൟ౶ຩƳǐǒ݉ƫƧº௻ǑǔƧॅ੧আƒǐƻۍ໬ư
ƟƮພƌƧ൹ऑ଒಍ƶ஽ڤՄੌ൝ǚืћ੢؊߁ພƶഓҤƳພƌƧº
b) ܨࡿᗡԩ঴ഓҤ
¸Colon 38 (C38) / C57BL/6șǡǴƶڈǚພƌƮڸ௟ƟƧºC38ࡿᗡެභǚ C57BL/6șǡ
Ǵƶ౱൉ƳৣࡾƟ¹۞ٺࡿᗡƶٺ঵ǚԏీۼ¹഍࣍ࠥ໬áઓओ٫â¹1.0%(w/w)൹ऑ଒಍஽
ڤՄੌ൝஗Ҧࠥ໬áऑ଒಍٫â¹1.0%(w/w)ॅ੧আ஽ڤՄੌ൝஗Ҧࠥ໬áॅ੧আ٫âǚ࠺຀
৤ࡷƝƣǓŎ٫áœ೹Ö٫âƳൟƙƮࡑۊǚ݉ƫƧºࠥА֛յଇƶઑࢲ¹ࠥ໬৤ࡷ໷¹ࡿ
ᗡࢲ໷¹ি੻໓ƶ඄ҠǚଳǁǓƛưƳǐǒഓҤƟƧº
c) ืћ੢؊߁ພƶഓҤ
¸ܨࡿᗡԩ঴ഓҤư௬ບƳ¹ЋஞஇƳ௬ГƯƊ
Ǔ Colon 38 (C38) / C57BL/6șǡǴƶڈǚພƌ
Ʈڸ௟ƟƧºܨࡿᗡԩ঴ư௬ບƶ੅߁ǚ݉ƫƮ
21 షյԇࠥ໬ǚ࠺຀৤ࡷƝƣƧۼ¹șǡǴƶ
ࡿᗡࢲ໷௖ǚ੯୩ƟƮޙ۔঴ǚԏీơǓưưǊ
Ƴ¹ڥଇƶǰǟȃǦǟȮ౔ஶǌ៑੤ଇƶ NKެ
භƶߗެභԩ঴ǚ੯୩ơǓƛưƳǐǒืћ੢؊
߁ພƳƬƌƮڸ௟ƟƧº
(3) ࡑۊڤү
a) ൹ऑ଒಍ƓǑƶॅ੧আƶৄ੧
9
8
0
1
2
3
4
5
6
7
D
O
(p
p
m
),
p
H
(-
)
0 2 4 6 8 10 12 14 16
౶ຩ࠯յ (h)
Fig. 1¸ॅ੧আৄ੧ƳƒƙǓ DOƶډ࠯඄Ҡ
DO
pH
47
¸Fig. 1 Ƴ࠷ƟƧǐƎƳ¹আ߱ದݏƔীǛƳƲǓư߱ਬऎ೨ੱஶƔપƕƗƲǓƧǉƳຜ੻
߱ਬ(DO)౔ஶƔۑࣺƟ¹ƥƶۼ¹֏ࡐƯƊǓǣǺȉÓȦƔƲƗƲƫƮআ߱ƶি঵Ɣ֬ƛ
ǑƲƗƲǓư¹ޙƻ DO ౔ஶƔכڜƳरअƟƧºDO ౔ஶƔ౶ຩӬࠀ࠯ƶ૮ƳǆƯरअƟ
ƧưƛǕƯআ߱ದݏƷࢗ໦Ɵ¹ࡑްƳƥƶ࠯஝ƶǣǺȉÓȦ౔ஶǚ੯୩ƟƧưƛǕ¹ڸࢽ
ۙӧϱҟƯƊƫƧºƥƶưƕƶ౶ຩ࠯յƷ 13࠯յ¹ি঵আ߱౔ஶƷ 42.7 g/lƯƊƫƧºॅ
੧আƳƷ๢ 3 g/l ƶǪǣȮ߱ƔսǆǔƮƒǒ¹ऑ଒಍ƓǑৄ੧ƟƧॅ੧আƷআ߱ƨƙƯƲ
ƗǪǣȮ߱Ǌս๺ơǓআƯƊǓƛưƔǗƓƫƧºದݏ੊ǚພƌƮৄ੧ƟƧॅ੧আǚࠟТƟ
Ƨڤү¹আƶ߱ฒƔຫরƝǔƮࡲՒƶդฒǚՕƠǓǃƱƯƊǒ¹ТǇϾƌǊƶƯƊƫƧº
b) C38ǚພƌƧܨࡿᗡࠟۊ
C38ÖC57BL/6ƶڈǚພƌƮ in vivoܨࡿᗡࠟۊǚ݉ƫƧºޚࣖƳ C38ƶڊન౶ຩƳǐǒ
ٺ঵ƟƧ۞ٺࡿᗡǚஃࢽƟ¹in vivo ܨࡿᗡࠟۊƶƧǉƶЃोǚ݉ƫƧºࡿᗡЃोۼ 14 ష
ǚډӄƟƧưƛǕƯ൲جࡿᗡٻƔ 5-7 mm ƳૄƟƧƧǉ¹உৡƲપƕƝƶࡿᗡǚ๺ơǓ૕
ƔǛșǡǴǚਏવƟ¹٫ൟƙƟƧºࠟۊ٫Ʒ¹ઓओ٫¹1.0% (w/w)൹ऑ଒಍஽ڤՄੌ൝஗
Ҧ٫¹1.0% (w/w)൹ऑ଒಍ॅ੧আ஽ڤՄੌ൝஗Ҧ٫ƶ 3٫ǚ০ƙƧº
Fig. 2Ƴ࠷ƟƧǐƎƳ¹1.0Ċ൹ऑ଒಍஗Ҧࠥ໬ƶேຌƳǐǒࡿᗡઑ৘ƶ੢Ҧǚઓओ٫ư
ೝԔƟƮ๺ϼƳຫরơǓƛưƔԏీƯƕƧºǆƧ¹1.0Ċॅ੧আ஗Ҧࠥ໬ƶேຌƳƒƌƮ
ǊฯǑƓƳࡿᗡઑ৘ƶ੢ҦǚຫরƟƮƌǓƛưƔԏీƯƕƧºC38 ƶЂ൝ీࡀƳǐǓืћ
߁ພƶы؜ƔਙƗƲƌ C57BL/6șǡǴƳઓƟƮ¹1.0Ċ൹ऑ଒಍ƒǐƻ 1.0Ċॅ੧আ஗Ҧࠥ
໬ǚ࠺຀৤ࡷƝƣǓƛưƳǐǒ¹๺ϼƳșǡǴƶ౱൉Ƴٺ঵ƝƣƧ۞ٺࡿᗡƶઑ৘੢ҦƔ
ຫরƝǔǓƛưƔԏీƯƕƧº
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c) C-38ǚພƌƧܨࡿᗡࠟۊƳƒƙǓșǡǴڥঽଇƶǰǟȃǦǟȮ౔ஶƶ੯୩
șǡǴƳ൹ऑ଒಍ƊǓƌƷ൹ऑ଒಍ॅ੧আǚேຌơǓư NK ެභƔԩ঴ҠơǓƛưƔฯ
ǑƓƳƲƫƧƶƯ¹șǡǴڥঽଇƶԇǰǟȃǦǟȮƶ໷ǚ ELISA kit ǚພƌƮ੯୩ƟƧº
ǰǟȃǦǟȮƷ¹ܨࡿᗡƳշǗǓưƝǔƮƌǓ Th1 ٸǰǟȃǦǟȮƯƊǓ IFN-, IL-2 ƒ
ǐƻ IL-12ƶ౔ஶǚ੯୩ƟƧºઓओưƟƮ¹௬ࢢ༌ƶ normal (ࡿᗡƲƟșǡǴ)ƶڥঽଇƶ
ǰǟȃǦǟȮ໷ǊƊǗƣƮ੯୩ƟƧº
ڥঽଇƶ IL-2 ౔ஶƷ¹൹ऑ଒ƒǐƻॅ੧আ٫ƯƷ control ٫ƳೝԔƟƮٲܕஇƳ੢ҦƟ
ƮƌƧºǆƧ¹ڥঽଇƶ IL-12 ౔ஶƳƬƌƮǊ¹൹ऑ଒ƒǐƻॅ੧আ٫ƯƷ control ٫ư
ೝԔƟƮ๺ϼƳ੢ҦƟƮƌƧƶƯ¹ࡿᗡެභǚ࣪ӳơǓ NKެභƶԩ঴Ҡǌެභ࣪ӳ Tެ
භƶൟҠ຃௮Ɣ control٫ǐǒǊ๺ϼƳƲƝǔƮƌǓư݂ƐǑǔƧºڥঽଇƶ IFN-౔ஶƷ¹
control ٫ưೝԔƟƮ൹ऑ଒٫Ʒ๺ϼƳॅ੧আ٫ƷٲܕஇƳ੢ҦƟƮƌƧƶƯ¹NK ެභƶ
ԩ঴ҠƔƲƝǔƮƌǓư݂ƐǑǔƧº
¸ϱरƶڤүƓǑ¹൹ऑ଒಍ǌॅ੧আƷ¹଱ըืћڈƯșǪȨȐǜÓǳƲƱƶܨۍ୲࠷ެ
භǚԩ঴ҠơǓƛưƳǐǒ¹ƥǔǑƓǑ߫ࢽƝǔǓǰǟȃǦǟȮ໷ǚ੢ҦƝƣ¹ƥƶڤү
NKެභǚԩ঴ҠơǓƛưƔ݂ƐǑǔƧºƟƓƟ¹൹ऑ଒಍ƒǐƻॅ੧আଇƶƱƶ൝ࡐá-
ǫȦǦȮƲƱƶં௙་ƲƶƓȕȒǼȄƲƶƓƥǔϱӱƶ൝ࡐƲƶƓâƔշຌƟƮƌǓƶƓ
૨୩ƯƕƲƌºݶۼƷ¹ืћౖ֞ǚܕरƝƣܨࡿᗡԩ঴ǚದ֗ơǓ൝ࡐƶুৄ½௬୩ǚ݉
Ǝຊ୩ƯƊǓº
2.3๺ฯӥՒԤ୫ஂ೰ি൝٫ࢥƳƒƙǓଃਬનࡤډ༲ƶӕ৖
(1) ࣜۗ
¸൷ޒ঴ӥЏƯƊǓ๺ฯ½ಣનӥЏƷ¹ǗƔݦƶՒԤƶ๢ 57%ƳǊૄơǓܢપƲՒԤǚ๺
ƟƮƌǓºƛƶՒԤƶ࠮ƬݗƌिҠౖ໺Ƴǐǒ¹ӥЏգ؈ƔඐƧǔƮƕƧư݂ƐǑǔƮƌ
ǓºƟƓƟ߅ݶ¹ՒԤգ؈ƶϔҠƔۉଙƳƲǒ¹ӥЏգ؈ǊϔҠƶГரǚ૊ƫƮƌǓºՒ
Ԥգ؈ƶӡਖධ඲ƶГƬưƟƮՒԤ݁ឡƔࡑࠍƝǔࠀǉƮƌǓºՒԤǚ݁ឡơǓƛưƯ୫
ࡐգ؈ǚܚ֡գ؈ƳƟ¹ܚ֡঴೰ি൝ƶ௪ƕǚݗǉƮ¹๺֞൝໷ǚۑࣺƝƣǓධ඲ƯƊǓº
ƟƓƟ¹ՒԤ݁ឡƶ೰ি൝ƳחǄơܑүǚଳލƟƧ༎ƷƲƌºƥƛƯ¹ǗǔǗǔƷՒԤ݁
ឡࠟۊƳǐǓ୫ࡐ೰ি൝٫ࢥƳઓơǓы؜ǚӕ৖ƟƧº
નࡤಶ҃ƳƒƙǓ key enzyme ǚǮÓȄơǓЋஞࠃƨƙǚӕ৖ơǓƛưƯ¹ՒԤ୫ࡐƶ
નࡤಶ҃ڈƔ඄ҠơǓƓƱƎƓ¹નࡤƳշຌơǓ೰ি൝ƶࡾ་Ɣ඄ҠơǓƓƱƎƓǚ૯Ǔ
ƛưƔƯƕǓºໝҎનࡤƳշƟƮƷ¹ڲ֡இգ؈ҟƯໝ߱ѻǚໝҠ൝ƳճیơǓໝ߱ѻճ
یެظưܚ֡இգ؈ҟƯໝҠ൝ǚໝ߱ѻƳ߱ҠơǓໝҎ߱ҠެظƳǐǓໝҎǰǟǪȦƔ݂
ƐǑǔǓƶƯ¹໩ಶ҃ƯҧגஇƓƬ௾ЂஇƳ߁ພơǓݏਬ adenosine-5’-phosphosulfate
reductase ǚǮÓȄơǓЋஞࠃ(apsA)Ƴଆ๋ƟƧºГධ¹ଃਬનࡤƳշƟƮƷ¹ՒԤƳ໙ǔ
ݳǛƨ๺֞൝ƶଃਬൟƔǝȮȝȆǝƳൟӕƝǔ¹ǝȮȝȆǝ߱ҠެظƳǐǒǝȮȝȆǡț
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ǟǥȮƔψख߱ǌख߱Ƴ߱ҠƝǔƧۼ¹ેଃެظƳǐǒψख߱ǌख߱ƔଃਬǧǴƳ඄՘Ɲ
ǔƮપ֡ଇƳ๐Ǔډ༲Ɣ݂ƐǑǔǓºǝȮȝȆǝƓǑψख߱ǀƶি൝ԙஇ߱Ҡಶ҃Ʒ࠰ƶ
ō૫ӭಶ҃ƯƊǓƛưƔ૯ǑǔƮƌǓº
NH3 + O2 + 2H+ + 2eô ğ NH2OH + H2O (1)
NH2OH + H2O ğ NO2ô + 5H+ + 4eô (2)
¸ಶ҃(1)ǚ॑౷ơǓݏਬưƟƮƷƧǑƗ AMO (ammonia monooxygenase)ƷșȦǼǮȮȘ
ÓȈȮȃƯƊǒ¹ƥƶԩ঴ǰǟȃǚ๺ơǓ-subunit ammonia monooxygenaseǚǮÓȄơǓ
amoA ЋஞࠃƷ¹ǝȮȝȆǝ߱ҠެظƨƙƔǊƬЋஞࠃƯƊǒ¹௬ެظ௾๺ƶൟࠃșÓǦ
ÓưƟƮພƌƧºГධ¹ψख߱ǌख߱ǚଃਬƳ඄՘ơǓેଃظƶൟരƷܢƗ¹ેଃಶ҃ƶ
ǨÓݏਬưƟƮ nitrite reductase Ɣ૯ǑǔƮƌǓºNitrite reductase ƳƷ௷ǚսǈǊƶư
cytochrome cd1ٸƶōࡾ་Ɣ૯ǑǔƮƒǒ¹໩ݏਬǚǮÓȄơǓЋஞࠃƔƥǔƦǔ nirK ư
nirSƯƊǓºƥƛƯଃਬનࡤƳշƟƮƷ¹amoA, nirK, nirSƶŎࡾ་ƶЋஞࠃƳଆ๋ƟƧº
¸߅ైஶƷ¹ໝҎનࡤƳƬƌƮڸ௟ƟƧڤүǚඦݥƟƧº෭ైஶƷ¹ଃਬનࡤƳƬƌƮڸ
௟ƟƧڤүǚඦݥơǓº
(2) ࡑۊධ඲
a) ݁ឡࠟۊࠟ໬
݁ឡࠟۊࠟ໬ưƟƮ¹2004ై 7ڧ 27షá݁ឡਕâ¹8ڧ 27షá݁ឡ 14షۼâ¹9 ڧ 13
షá݁ឡ 1 ȰڧۼâƳ݁ឡك(K)ưೝԔઓओك(H)ƶƥǔƦǔ 4 ҸࣗƳƒƌƮ¹ǆƧ¹8 ڧ
16 షá݁ឡଽۼâƳ݁ឡك(K)ƶ 4 ҸࣗƳƒƌƮ¹ǴȁȮȧǴǮǝǰȮȒȤÓພƌƮޡஂ
Ɵ¹र਽áഒ਽Ø-1.0 cmâ¹ଇ਽á-3.0Ø-7.0 cmâ¹ҟ਽á-18.0Ø-22.0 cmâƳൟӋƟƧǊ
ƶǚ¹ൟ৖ພࠟ໬ưƟƧº¸୫ࡐࠟ໬Ʒ 8000ög 4ąƯ 10ൟյѸढ़ൟ໐Ɵ¹रনњǚյڝ
঎ưƟƮൟ৖ພࠟ໬ưƟƧºିடƷ PBS Ư৽िƟƮޙஶѸढ़ൟ໐Ɵ¹ିட൝ǚ DNAଋࢽ
ພƶࠟ໬ưƟƧº
b) ݁ឡࠟۊࠟ໬ƓǑƶ DNAƶଋࢽ
¸ࠟ໬ƓǑƶ DNAƶଋࢽƷ¹Fast DNA SPIN Kit for soilǚພƌƮГ൉ӡ໴ƟƧධ඲Ư݉ƫ
Ƨº
c) ଋࢽ DNAƓǑƶଃਬનࡤշ༫Ћஞࠃ amoA, nirS, nirKƶ PCR੢൒ƒǐƻǪȨÓȮӕ৖
¸ƥǔƦǔƶЋஞࠃƳ௾ЂஇƲȒȤǟșÓǚ০ڐƟ¹PCR੢൒ǚ݉ƫƧº
(3) ڤүư݂ߒ
a) amoAЋஞࠃ໹Џǚ഍இưƟƧǪȨÓȮӕ৖
੢൒ƟƧ 491 bpƶ DNA૨අƳઓƟƮǪȨÓȮӕ৖ǚ݉ƫƧڤү¹௻ǑǔƧޚؼѴࡾƷ
ơǁƮ UnculturedƯƊƫƧºǆƧ¹݁ ឡۼƶҟ਽ǚࣩƌƮ¹ơǁƮƶ਽ƳƒƌƮ Uncultured
ammonia-oxidizing beta proteobacterium clone CB3-14ƔޚǊંƗ௻ǑǔƧºƛǔǑƶǪȨÓ
ȮƷ¹NitrosospiraੳບƶӥЏ຀ີƶެظƯƊƫƧº
¸ϱरƶڤүƓǑ¹ՒԤ୫ࡐଇƯƷ਽ƶ॥Ɲǌ݁ឡਕۼƳշǗǑƢ¹৫ƐƢ AOBáAmmonia
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oxidizing bacteriaâƳǐƫƮ NH4+ƓǑ NO2ôǀƶ඄՘Ɣ݉ǗǔƮƌǓư݂ƐǑǔƧº
b) nirS, nirKЋஞࠃ໹Џǚ഍இưƟƧǪȨÓȮӕ৖
¸nirS ƒǐƻ nirK ໹Џǚ഍இưƟƮǪȨÓȮӕ৖ǚ݉ƫƧưƛǕ¹nirS ໹ЏƳƬƌƮƷ
DNA ૨අƶ੢൒ƔۂǑǔƧƔ nirK ໹ЏƳƬƌƮƷ੢൒ƔۂǑǔƲƓƫƧºȪǲȮȃȮࢍ
ඈƶѭվЏ୫ࡐǰȮȒȦƳƒƌƮǊ¹nirS Ʒ੢൒ƟƧƔ nirK Ʒ੢൒ƟƲƓƫƧưƶඦݥ
ƔƊǓƛưƓǑ¹ՒԤ௖ƶӥЏ୫ࡐƳƒƙǓેଃެظƷ nirSٸƶ nitrite reductaseǚ๺ơǓ
ǊƶƔ๲ৱƟƮƌǓƛưƔ݂ƐǑǔƧº
nirS Ћஞࠃ໹Џǚ഍இưƟƧǪȨÓȮӕ৖ƶڤү¹खҠެظưೝԔƟƮેଃެظƷൟ་
रܢƌೆ϶ƳǗƧƫƮظԵƔ૒໐ƝǔƮƌǓƳǊƓƓǗǑƢ¹௻ǑǔƧǪȨÓȮƶޚؼѴ
ࡾƶǃưǛƱƔ uncultured bacterium cloneƯƊƫƧº
¸रࢿƟƧǐƎƳ¹ǰȮȒȦƶ॥ஶǌ݁ឡਕۼƳշǗǑƢ¹uncultured ǪȨÓȮƳؼѴƲ
ǪȨÓȮƔࡶƯƊƫƧƔ¹௻ǑǔƧǪȨÓȮƶƎƩൟ་ƯƕƧǊƶƷਙƮ Proteobacteria
ƳੳơǓƛưƔǗƓƫƧºǆƧ¹݁ ឡଽۼƶǪȨÓȮƳƷ Thiobacillus denitrificansƶ nirS Ƴ
ؼѴƲǊƶƔંƌưƌƎ௾ଦǚ๺ƟƮƌƧºƟƧƔƫƮ¹Thiobacillus ੳެظƷऺƳՒԤ
୫ஂଇƳ੻޲Ɵ¹ڲ֡գ؈ƯƷໝҎેଃǚࡶƲનࡤډ༲ưƟ¹ܚ֡գ؈ƳƲǓưໝҎ߱Ҡ
ǚࡶƲનࡤډ༲ưƟƮ੢ौੱஶƔપƕƗƲƫƮƌǓҧౖ঴Ɣ࠷މƝǔƧº
Ŏ¼঵үƶૄ঵ஶ
¸໹ЏáAâƒǐƻáBâƳƒƌƮࢪൟƲǓ঵үǚ௻ǓƛưƔƯƕƧº
ŏ¼൲঵ 18ైஶƶ๋இ½๋഍
¸໹ЏáAâƯƷ¹߱ਬीઙưໝҎƒǐƻଃਬǰǟǪȦƶշٱǚฯǑƓƳƟ¹೰ি൝িઙ
ڈư୫ি½঎িি൝ƶিઙڈƶ੏۶߁ພƳۗחƟƧƌº໹ЏáBâƯƷ¹գ؈ാҼưƲǓ
ບÐƲ๺֞ڈ౪֝൝ƶȜǺȮದݏǌǣǺȉÓȦದݏǚ໅ພƟƧ๺ܑ໅ພָࢾƳշƟƮڸ௟
ơǓºǆƧ¹॒ടǌॅ੧ܞ୷ƓǑ౬ࢽƝǔǓ๺֞ڈȋǟǥșǴƓǑౖ֞঴॒ടǚৄ੧Ɵ¹
ƥƶি໊ԩ঴ǌ߁ພ֞ܲǚฯԏƳơǓƛưƯݗപҦҤ૮Ҡǚ๋ࠉơºƛǔǑƶָࢾƳǐǒ¹
ࢫີƶଇյࣕൟğ෵໔ࣕൟưƌƫƧ֚੻ƶָ໊ࣕࢾǚ໅ԩພָࢾƳ඄՘ơǓƛưƯ¹໑र
ാҼƶړۑǌ૰עҜ૩ҠේࠐƳƬƲƚƧƌº
Ő¼൲঵ 17ైஶƶڽף೨ࡷ௻ीؒ
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Chromatographic removal of host cell DNA from cellular products using columns packed with
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Chromatographia, 62, 465-470 (2005).
7) Inagaki, S., Morimura, S., Shigematsu, T., Kida, K., Akutagawa, H.
Apoptosis induction by vinegar produced from boiled extract of black soybeans in human
monoblastic leukemia U937 cells: Difference in sensitivity to cell toxicity compared to normal
lymphocytes.
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¸¸ڧՈ౪֝൝, 31, 154-165 (2005).
¸2) ॢ੿¸฿¹շ¸ܜܥ¹ࢲउ¸׹¹้஡ڳ࠰
¸¸ऑ଒಍ƓǑƶॅ੧আƶৄ੧ưƥƶౖ֞঴
¸¸ష෭ॅ੧؃Ӕࠠ, 100, 607-617 (2005).
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½໘¸ӯ¹้஡ڳ࠰ଙ
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(2005ై)
(3) ԙӔದഒ¸ڐ 21ڨ
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of antioxidant activity of vinegar produced from rice-shochu post-distillation slurry in vivo and
identification of antioxidant compound in the vinegarîInternational Chemical Congress of Pacific
Basin Societies, p.32, Honolulu, Hawaii (2005ై 12ڧ 17ష).
2) ҏ޽ݣ೵¹໘¸ӯ¹ҏ෭इܝ¹ࢲउ¸׺¹ॢ੿¸฿¹้஡ڳ࠰íઔѻ঴ؠࢥ঴ݏඟƳ
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ࠎࢥ p.24, އӏપԙ໊ܞԙ൉ (2005ై 12ڧ 10ష).
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10)༖้Гێ¹ॢ੿¸฿¹ࢲउ¸׺¹้஡ڳ࠰íIn vitro ഓҤڈƳƒƙǓܨȤǳǦȦԩ঴ư
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݋Ѯ຤ࠎࢥ p. 81, ƬƗƸݦްӔׁष (2005ై 11ڧ 15ష).
14)ڹ௞ཋ࢑¹Зԁ࢕Гགྷ¹ॢ੿¸฿¹ࢲउ¸׹¹้஡ڳ࠰¹Ӫ৵ܵࠇíݪ௡ౕ௡પ௡ࡠ
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౬ࢽƝǔǓृໜ౪њƶ໊ࣕî൲঵ 17ైஶష෭ি൝ܞԙӔપӔ݋Ѯ຤ࠎࢥ p. 184, ƬƗƸ
ݦްӔׁष (2005ై 11ڧ 17ష).
18)ॢ੿¸฿¹շ¸ܜܥ¹ࢲउ¸׹¹้஡ڳ࠰í൹ऑ଒಍ƓǑৄ੧ƟƧॅ੧আƶืћ੢؊
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á2003ై 11ڧ 21షࢽ։»2005ై 6ڧ 16ష܏Ӭâ
ದฯࡣ¾้஡ڳ࠰¹ॢ੿¸฿¹ࢲउ¸׹
ࢽ։ॶ¾޵૥඲ॶƗǆǊưȁǪȉ߫أ޵૥
3) ௾׳܏Ӭ 2005ô058243á௾։ 2004ô347544âíऑ଒ƶৄ੧ධ඲îá2004 ై 11 ڧ 30 ష
ࢽ։»2005ై 3ڧ 10ష܏Ӭâ
ದฯࡣ¾้஡ڳ࠰»ॢ੿¸฿»ҟ஡¸ใ»ଇ৵¸๲
ࢽ։ॶ¾ష෭ࢁ੧ਭݜଇҀӔ
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൲঵ &, ైஶڽף঵үඦݥ
ڽףӀભอ¾գ؈೰ি൝ǚԩພơǓ঎½ஷसգ؈࢑൑
ࣗੳ½ࠒอ¾ܞԙ൉գ؈ǲǴȁțܞԙҭ¸¸৵Ѡඐ௼
&#ڽף๋இ½๋഍
&=&* ైஶØ'ŌైஶƳƒƙǓ๋இ½๋഍
¸ݗஶ঵ସ֛ƳƒƙǓ঎գ؈ƳշơǓ܏ӳ๓ભƷ¹ݗஶƳѽ઼ƟƧƊǓƌƷ๺ӳƲҠԙ൝
ࡐƳѽ৾ƝǔƧ߫أ౪঎ƳǐƫƮСƕ֬ƛƝǔ¹ƥƶઓ߉ƳƬƌƮƷƌƓƳ౬ࢽےƯƥǔ
ǚƗƌࠐǉǓƓƔޚࢲ຤ӀભƯƊƫƧºơƲǗƩ౬঎ָ໊ࣕࢾǚ঍ॳ¹஍୫ơǓưưǊƳ¹
౬঎঎ࡐȝȆǺȥȮǫָࢾƶܕरƔইǑǔƧºݶషƯƷ¹ƛƶǐƎƲସైƳ஬Ǔ౬ࢽےઓ
߉Ɣܐǚ਺Ɵ¹ƓƬƮƶ܏ӳ๓ભƔޙƻ٤ǒඉƝǔǓƛưƷƲƌư݂ƐǑǔǓºƟƓƟƲ
ƔǑГධƯ¹֚Ƴѽ৾ƝǔƧ঎½ஷसգ؈ǀƶઓ߉ƷݶƲƒഩࢪൟƲीؒƳƊǓº௾Ƴ૰
ҟ঎ଇƶଃਬǌȥȮƲƱƶюຩѻ་ǌఝൟೞጂຽ൝ࡐƳનഒƝǔǓ೰໷Ҡԙ൝ࡐƳǐǓ঎
գ؈ѽ৾Ʒ¹ƛǔǆƯƶ౬ࢽےઓ߉ƯƷઓࣕƯƕƢ¹ࣸີƳપƕƲы؜ǚחǄơ؍ǔǊƊ
ǓºƛǔƳઓƟƮ¹ি൝ԙஇգ؈࢑൑ָࢾƔƥƶઓ߉ƶГƬưƟƮ֛ગƝǔƮƌǓº෭ڽ
ףƯƷ¹๺ພƲգ؈೰ি൝ǚԩພƟ¹ƯƕǓƨƙ۔षƳ੫҃ƟƧࡑພஇƲգ؈࢑൑ָࢾƶ
Ӭದǚ๋இươǓºٌઑஇƳƷ¹ӉƔݦƨƙƯƲƗǝǳǝƒǐƻਙফӧஇƳ๓ભưƲƫƮ
ƌǓଃਬǚƷƠǉࡾÐƶ๺ӳҠԙ൝ࡐƳѽ৾ƝǔƧգ؈঎ǚ¹ୢǮǴȃƯݗੱƳࣩ׫ơǓ
Ƨǉƶ֏ਨָࢾƶԏ໔ǚ๋ࠉơº
'=&, ైஶƳƒƙǓ๋இ½๋഍
¸৵ѠƷ =&* ైƳ٠෭પԙƳീఽƟ¹૰ҟ঎ଇƶख߱½ψख߱঴ଃਬƶࣩ׫ƳշơǓڽף
ƳځǗƫƮƌǓºଃਬƳǐǓګܤы؜ưƟƮƷ¹ψख߱ଃਬƔڥњଇƶȓȝǫȨȎȮưڤ
ݜơǓƛưƯ߱ڠीઙǚСƕ֬ƛơíȜȃȓȝǫȨȎȮڥऔîƔ૯Ǒǔ¹൹ݦƯƷసࠪƶ
ࠑළ༎ǊƊǓºǆƧ¹ଃਬƷȥȮưưǊƳíюຩѻ་îưƟƮമюຩҠ۔नƶۍП൝ࡐƯ
ƊǓƛưƷǐƗ૯ǑǔƮƌǓưƛǕƯƊǓº
¸գ؈঎¹ƊǓƌƷ౪঎ƓǑƶଃਬࣩ׫ƳƬƌƮƷ¹ি൝ԙஇָ໊ࣕࢾƔ૯ǑǔƮƒǒ¹
ƛǔƷࡶƳǝȮȝȆǝǌ๺֞ઙଃਬǚख߱ƊǓƌƷψख߱ƳǆƯ߱ҠáखҠâơǓखҠެ
ظư¹ƥƶגಶ҃¹ơƲǗƩख߱ǌψख߱ǚଃਬǧǴƳճیáેଃâơǓેଃެظƶ௪ƕ
ǚ໅ພƟƧǊƶƯƊǓºি൝ԙஇଃਬࣩ׫Ʒ¹࠺ਘӧƳ੻޲ơǓ೰ি൝ǚಶ҃ǚ໅ພƟ¹
ҦƐƮଃਬǚપ֡঵ൟƯƊǓଃਬǧǴƳǆƯ໊ࣕƯƕǓƛưƓǑ¹໊ࣕ঎ǚǝȦǦȥ঴Ƴ
ƟƮ؊র಑֡ơǓƛưƯǝȮȝȆǝǚ֗ߧơǓǝȮȝȆǝǴȃȥǾȏȮǫ඲ƲƱƶ൝໊Ҡ
ԙஇ໊ࣕƳೝǁƮ¹ƌǗǎǓß૰עƳ๲ƟƌàָࢾưƌƐǓºƟƓƟƲƔǑ¹ેଃӄ୷Ư
Ʒ¹ƥƶಶ҃ǚ૕ƎેଃެظƔГೃƳƷࢫੳюຩެظƯƊǓƛưƓǑ૛ਬےƔഁ຤ưƲǒ¹
໊ࣕ঎ƶ঴ीƳǐƫƮƷ¹૛ਬےƶேహƳǐǓǮǴȃƶ੢પǌమ࠰ѽ৾ƶ๓ભƔڵ౉Ɲǔ
Ǔº
¸ƥƛƯ¹৵ѠƶڽףǫȦÓȒƯƷ¹ેଃެظƶ૛ਬےưƟƮ۞ઑीƶিൟӕ঴ȒȤǴǼ
ǾǪǚԩພơǓख߱½ψख߱঴ଃਬࣩ׫ָࢾƶԏ໔ǚ๋இưƟƮڸ௟ǚ݉ƫƮƕƧºГ߅
ైஶá=&* ైஶâƶڽףƯƷ¹িൟӕ঴ȒȤǴǼǾǪǚࢩஓƟƧஷसǦȤțƳǐǓख߱঴
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ଃਬƶճیેଃࣩ׫ƳշơǓڽףƌ¹িൟӕ঴ȒȤǴǼǾǪưƟƮ¹ȘȥȍȄȨǨǲȑǼ
ȧÓȃ(ϱҟ¹E=7 ươǓ¹Șȥస߱¹আ߱ǶȦȨÓǴ¹ȘȥȑǼȧȮǮȊǪ߱ƶ 4 ࡾ་
ǚພƌƮ༫੶ࡑۊǚࡑࠍƟ¹ଃਬƶࣩ׫ౖǚೝԔڸ௟ƟƧºƥƶڤү¹E=7 ǚࢩஓƟƧஷ
सǦȤțƳƒƌƮ¹ࡑۊӬࠀଽۼƓǑख߱ƶכڜƲۑࣺƔǇǑǔ¹ƥƶۼǊઁƶিൟӕ঴
ȒȤǴǼǾǪƳೝǁƮ¹ϩ୩½໴ܚƲଃਬࣩ׫ƔీǉǑǔƧºǆƧ¹߅ైஶá=&+ ైஶâ
ƳƷ¹E=7 ࢩஓஷसǦȤțƳǐǓख߱঴ଃਬࣩ׫ȜǦȆǵțǚฯǑƓƳơǓƧǉƳ¹ख߱
঴ଃਬ౔ஶưஷसެظঝǌެظਸ਼ưƶշٱƳƬƌƮ BEC ඲¹E8G"9<<: ඲௖ƶൟࠃি൝ԙ
இࡹ඲ǚພƌƮӕ৖¹ڸ௟Ɵ¹ǦȤțఝ൉Ưƶેଃެظঝƒǐƻેଃԩ঴Ɣ E=7 ࢩஓ൉ϳ
ƳƮޚǊݗƗ¹ƥƶҟ໙൉ƳƒƌƮǊ௬ެظঝ½ԩ঴Ɣډ࠯இƳ੢પơǓƛưƯȥǝǪǺ
ÓਙઑưƟƮƶଃਬࣩ׫ౖƔܕरơǓƛưƔฯǑƓưƲƫƧºǆƧ¹ެظਸ਼ӕ৖ƶڤүƓ
Ǒ¹E=7 Ҧ঎ൟӕݏਬǚ๺Ɵ¹ƓƬख߱ճیౖƔ૯ǑǔǓ GVahidc^Ve^X`Zii^^ ƶؼѴެ
ظƔ¹෭ȥǝǪǺÓƶଃਬࣩ׫ƳપƕƗ֒ຌƟƮƌǓƛưƔ঍୩ƝǔƧº
¸۔޲¹ƛǔǑڽף঵үǚ௢ǆƐ¹E=7 ஷसǦȤțȥǝǪǺÓƓǑƶ E=7 ࠢҠ঴ેଃެظ
ƶ૒໐ưƥƶ࣡঴ࡐǚฯǑƓƳơǓưưǊƳ¹૒໐ƝǔƧެظǚԩພƟƧݗଃਬാҼऽڨ
ҟƯƶેଃ໊ࣕධ඲ƶԏ໔ǚ๋இưƟƮڸ௟ǚॳǉƮƌǓºݶైஶƷ¹E=7 ࠢҠ঴ેଃެ
ظƶ૒໐Ƴ঵ܐƟ¹ƥƶ௬୩ưƒǐƻিАऽڨ௖ƬƌƮ૯ۂƔ௻ǑǔƧº
'#=&, ైஶƶڽף঵ү
&E=7 ࠢҠ঴ેଃެظƶ૒໐
¸र֪ PHBࢩஓஷसǦȤțଇ൉ƶ PHBࢩஓ൉ؼෆஷसǚึظি໊॒ѻ঎ƳޡࡷƟ¹ଵҞ
ౡƳǐǓஷसໞࠃƓǑƶેଆ½ൟߧ໊ࣕ¹ƒǐƻܛٻ 1mm ƶǴǪȥÓȮƯƶǕӄǚࠍƟ
ƧǕњǚൟ໐ےưƟƧº૒໐ƳƬƌƮƷ¹ેଃެظ౶ຩພƶ Giltay њઑ౶૰Ƴर֪ൟ໐
ےǚᙼࡾƟƮڲ֡౶ຩƟƧ౶ຩњǚ௬Շஔ൲಻౶૰Ƴ஦ฆƟ¹௻ǑǔƧǮȨȆÓƶൟ໐½
࣐Ҡǚ٤ǒඉơƛưƯ݉ƫƧºఴւհߒƯ¹ॐ½ٺઙƔЂƲǓư಴૨ƝǔƧ 20 ۛƶǮȨ
ȆÓƳƬƌƮ¹PHB ൧งǚ૒Г૛ਬےươǓ Giltay ౶૰ƯƶিА¹ƒǐƻख߱ճیౖǚ
๺ơǓǊƶǚਏવƟ¹ޚࢗஇƳޚǊ໴ܚƲিАǚ࠷ƟƧǊƶǚ¹PHBࠢҠ঴ેଃެظ K2F
ԵưƟƮϱݔƶࡑۊƳ׼ƟƧºFig.1 Ƴ¹PHB ൧งǚ૛ਬےươǓ Giltay њઑ౶૰Ưƶি
А¹౶૰ॐƶো඄¹ƒǐƻǻÓȤțըఝƳದিƟƧଃਬǧǴি঵ǚ࠷ơ࡛२ǚ¹Fig.2 Ƴ
Giltay Շஔ൲಻౶૰ƳƒƙǓ K2F ԵƶǮȨȆÓǚ࠷ơºƲƒ¹෭౶૰Ʒख߱ѻư pH ࠉ࠷
๣ƶ Bromothymol BlueáBTBâǚսǛƯƒǒ¹K2F Եƶ੢ौƳǐǒख߱ƔճیƝǔƮ pH
ƔरअơǓƛưƯ౶૰ॐƔো඄ƟƮƌǓƛưƔൟƓǓº
¸¸
Before K2F growth ¸ After K2F growth
Fig.1 Growth of strain K2F and denitrification in Giltay liquid medium with PHB as a sole carbon source
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Fig.2 Colony of isolated PHB-assimilating denitrifier strain K2F
'E=7 ࠢҠ঴ેଃެظ @'; Եƶ௬୩
@'; ԵƷ¹ǫȤțЧ঴ƶᎫظƯඏโƶ੻޲Ɣ࠷މƝǔƧº;^\#' Ƴਜ਼ލٸ஢ࠃۉ೰؛
࡛२ǚ࠷ơº&+HgGC6 ƶǃǄਙସá&).*Wehâƶ 9C6 ౴༞Ƴ֏ƭƗ੏௬঴ڸߊƶڤү¹@';
Եƶ &+HgGC6 ౴༞Ʒ Ralstonia mannitolyticaƳ &%%Ɵ¹GVahidc^Ve^X`Zii^ Ƴ ..ϱरГ
૸ƟƧºǆƧ¹IVWaZ& Ƴ࠷ơি൝ԙஇ࣡঴ࡐƳƬƌƮ¹շ༫൫ڼחƻ 7Zg\Zn’hBVcjVa
C^ci]:Y^i^dcǚߣओ½ڸ௟ƟƧڤү¹@'; ԵƷ GVahidc^VੳƶެظƳ֟ੳƝǔƧºƥ
ƛƯ¹GVahidc^V ੳެظƳƬƌƮƝǑƳधެƲ &+HgGC6 ੏௬঴ƒǐƻ࣡঴ࡐǚೝԔƟƧ
ڤү¹ख߱ճیౖǚޚࢗஇƲ಴୩֏࣍ưƟƮ¹@'; Եǚ Ralstonia pickettiiư಴୩ƟƧº;^\#(
Ƴ &+HgGC6 ƳǐǓڈ௚࢈ǚ࠷ơº
;^\#'HXVcc^c\ZaZXigdcb^Xgd\gVe]d[E=7"Vhh^b^aVi^c\YZc^ig^[^ZghigV^c@';
IVWaZ&7^dX]Zb^XVaegdeZgi^Zhd[higV^c@';
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Characteristic Result Characteristic Result
Nitrate reduction + Assimilation of
Indole production -    Glucose +
Acid production from glucose -    L-Arabinose -
Oxidase +    D-Mannose -
Catalase +    D-Mannitol -
Arginine dihydrolase -    N-acetyl-D-glucosamine +
Urease -    Maltose -
ß-glucosidase -    Potassium gluconate +
Protease -    n-Caplinate -
ß-galactosidase -    Agipate -
BJ+K_j_rc +
Agrp_rc +
Nfclwj?acr_rc -
0.1
Pseudomonas aeruginosa (X06684)
Comamonas denitrificans (AF233880 )
Achromobacter denitrificans (AXY278451)
Burkholderia mallei (S55000)
Cupriavidus necator (Ralstonia eutropha, M32021)
Ralstonia pickettii (AY741342)
Ralstonia solanacearum (AY642432)
Ralstonia syzygii (AB021403)
K2
Ralstonia mannitolilytica (RTH270259)
Fig.3 16S rRNA-based phylogenetic tree of stain K2F by neighbor-joining analysis. Number at nodes represent bootstrap values (100
replicates) and the scale indicates 0.1 nucleotide substitution per nucleotide position.
(E=7 ࠢҠ঴ેଃެظ @'; ԵƶিАऽڨƳշơǓ֏ਨڸ௟
¸૒໐¹௬୩ƝǔƧ @'; Եǚ¹E=7 ȕȧǾȃǚ૒Г૛ਬےưƟƮ¹ख߱ǚ஢ࠃࢄຓઑưƟ
Ʈ஗ҦƟƧ <^aiVn њઑ౶૰ƳƮڲ֡౶ຩƟ¹ख߱½ψख߱ƶऎ೨ǚԏీƟƧۼƳ¹ॠƧ
Ƴख߱ǚ஗ҦơǓưƌƫƧٺƯӖൟ౶ຩǚ٤ǒඉƟ¹ެظ໷ưख߱ճیౖƶЄ࠮ǚԏీƟ
Ƨº;^\#) Ƴ¹ōӖ๋ƶӖൟ౶ຩƳƒƙǓख߱ƒǐƻψख߱ƶډ࠯඄Ҡǚ࠷ơº;^\#) Ɠ
ǑฯǑƓƲǐƎƳ¹๢ &%%b\"C$a ƶख߱Ʒ஗Ҧۼ (% ࠯յϱఝƳऎࡉƟ¹ψख߱ƶ଀৘Ǌ
ǇǑǔƲƓƫƧƛưƓǑ¹E=7 ȕȧǾȃƯিАƟƧ @'; ԵƳǐǓેଃƔԏీƝǔƧºӖൟ
౶ຩƷƥƶۼ¹ڐŐӖ٤ǒඉƟƧƔ¹௬ບƶڤүƔ௻ǑǔƧº
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;^\#)E=7 ǚ૛ਬےưƟƧ @'; Ե౶ຩ࠯ƶख߱½ψख߱౔ஶډ࠯඄Ҡ
࠰Ƴ¹@'; ԵƶিАƒǐƻख߱ેଃౖƳշƟƮ¹֏ਨিАऽڨƯƊǓҜஶư e= ƶы؜ǚ
ଳǁƧºࡑۊƷǪǣȮ߱ȅȃȥǡțǚ૛ਬےưƟƮ¹ख߱ǚ஢ࠃࢄຓઑưƟƮ஗ҦƟƧ౶
૰ǚພƌ¹ࣗ୩ƶҜஶ¹e= ǚ০୩ƟƮ݉ƫƧº;^\#* Ƴԇ০୩ҜஶƯƶ @'; ԵƶিАإਅ
ƒǐƻ ;^\#+ Ƴख߱ેଃౖƶډ࠯඄Ҡǚ࠷ơºƛƛƯিАƳƬƌƮƷ¹ظઑ౔ஶǚ D9+%%
૮ƶ඄ҠưƟƮ¹ǆƧ¹ख߱ેଃౖƷߵ੻ख߱౔ஶƶ඄ҠưƟƮഒƟƧº@'; ԵƷ¹;^\#*
Ƴ࠷ơǐƎƳ **ąƯƷিАƟƲƓƫƧƔ¹-Ø)%ąƶೆ϶ఝƯƷিАҧౖƯƊƫƧºƧƨ
60
Ɵ¹)%ąư -ąƯƷিАӬࠀǆƯƳȤǫƔۂǑǔ¹௾ƳœąƯƷ౶ຩۼ๢ -% ࠯յǚ຤Ɵ
ƧºГධޚપظઑ౔ஶƷ¹)%ąƯƷ '%ąư (%ąƯƶڤүǐǒǊୢƓƫƧƶƳઓƟ¹-ąƯ
ƷǃǄ௬୷ஶƶ૮Ɣ௻ǑǔƧº'%ąư (%ąƯƶিАƷੱஶ¹ޚપظઑ౔ஶưǊǃǄ௬௖
ƶڤүưƲǒ¹@'; ԵƶিАࠛஉҜஶƷ '%Ø(%ąư಴૨ƟƧºख߱ճیౖƳƬƌƮƷ¹;^\#+
ƓǑฯǑƓƲǐƎƳ (%ąƳƒƌƮख߱ճیੱஶƔޚǊݗƌưƌƎڤүƔ௻ǑǔƧº(%ą
ư௬୷ஶƶিАƔۂǑǔƧ '%ąƯƷ¹౶ຩۼ '* షϱݔƳख߱౔ஶƶۑࣺƔୣࠐƟ¹)%ą
ƯƷۑࣺੱஶƷୢƌǊƶƶ ..ϱरƶۑࣺƔǇǑǔƧºǆƧ¹(%ąư )%ąƯƷ¹ψख߱ƶ
଀৘ƔǇǑǔáYViVcdih]dlcâ(%ąƯƷੱǌƓƳۑࣺƟƧƶƳઓƟ¹)%ąƯƷ '%b\$a
౔ஶƔߵ੻ƟƧºƛǔǑƶڤүƳƬƌƮƷ¹@'; Եƶ๺ơǓख߱ճیݏਬƒǐƻψख߱ճ
یݏਬƶ௾঴ƳǐǓы؜Ɣ঍୩ƝǔǓº
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¸;^\#, Ƴԇ০୩ e= Ưƶ @'; ԵƶিАإਅư ;^\#- Ƴख߱ેଃౖƶډ࠯඄Ҡǚ࠷ơº@';
ԵƷ e=*#%Ø,#% ƶյƯিАҧౖƯ¹e=+#% ƳƒƌƮޚǊ໴ܚƲিАǚ࠷ƟƧºǆƧ¹;^\#-
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௾Ƴ e=+#% ƶऽڨҟƳƮޚǊݗƌۑࣺੱஶƔ௻ǑǔƧº
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(#঵үƶૄ঵ஶ
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൲঵ 1Œైஶڽף঵үඦݥ
ڽףӀભอ¾ບÐƲǴǬÓȦƶ঎ࣈգȒȨǶǴƶࡑઙౝϕƳշơǓڽף
ࣗੳ½ࠒอ ¾໊ԙ൉໊ԙҭ½௅஡¸࣐
1. ڽף๋இ½๋഍
(1) H15ైஶØ21ైஶƳƒƙǓ๋இ½๋഍
঎ࣈգƶଇƯ૙঎ƶৱǉǓԥݜƷتƓ 2.5%୷ஶƳӄƖƲƌƔ¹ӉÐॶյƶিԩƳئǉ
ƮธৣƳٱǗǓࢲ຤Ʋ຤ਬƯƊǒ¹ƥƶࣈգƶࡑઙౝϕǚ݉Ǝԙ๓ൟ๝ǚ঎൫ԙưۗƎº
ƛƶ૰עरƶ঎ࣈգƳٱǗǓȒȨǶǴǚ൝໊இ½ҠԙஇƳףฯơǓƧǉƳ¹঎ƶଇƳ࠺ਘ
Ƴ੻޲ơǓգ؈௬ϳઑǚ໅ພơǓƛưƯƥƶ໙௫ƶ࠯ِյ௾঴ǚౝϕơǓƛưǚڽףƶ๋
இưƟƮƌǓº
ࡍ࣎ҜખЏƳƊǓـ࢐૰Џƶ঎ࣈգȒȨǶǴƳշƟƮ¹ƛƶգ؈௬ϳઑࡹ඲ư൝໊இƲ
հ੯ƒǐƻǲȚȠȧÓǲȢȮ௖ǚஉֶ൮ພơǓƛưƳǐǒ¹ݔ঎½ृದߧ½ஷस।௤½૰
ҟ঎໙௫½ӥ୫૰ҟ঎๼ࢽ௖ƶȒȨǶǴƶࡑઙౝϕưƥƶ຤Пƶӕฯ¹חƻƥǔǑƳ֏ƭ
Ɨ૰Џƶ঎ࣈգ½঎ി੻௾঴ƶഓҤǚ݉ƎƛưƯ૰Џƶ঎ࣈգ½঎໅ພƶƊǒධƳշƟƮ
ƶ֏ਨஇƲऻඦ୲׼ǚইƫƮǎƗƛưǚڽףƶ๋഍ưƟƮƌǓº
(2) H17ైஶƳƒƙǓ๋இ½๋഍
ـ࢐Ʒ¹ӉƔݦƶଇƯǊ੏ઓஇƳ૰ҟ঎ᒞຩ໷Ɣંƌ૰ЏƯƊǒ¹ԩದƲ૰ҟ঎໙௫Ɣ
ຊ੯ƝǔǓư؁Ƴ¹ವ௄ߤڈƶփ೎૰ҟ঎Ʒଽৣ๺ฯӥ½ಣનӥƳৣƟƮƒǒ¹ӥ୫๼঎
ưƟƮ૰ҟ঎໙ࢽƟƮƌǓҧౖ঴ƔئǉƮݗƌºЬஷವ௄ࢍඈ૰ЏГખƶફߡ֧ƶҳߤփ
áϩߤփƒǐƻԒᙠؠӦփڈƶֲ༡փખ঎਽â૰Џǚڽףઓन૰ЏưƟƮ¹ƛǔǆƯҭԙ
இȂÓǺƶࣺƲƌփ೎૰ҟ঎ƶܢЏ૰ҟ঎໙௫ƶࡑઙǚౝϕơǓƛưǚ๋இưƟƮ H14
ƓǑ 17 ైஶƳ஬ǒҭڽ೨֏೎ڽףáAâǚࡑࠍƟƮƕƧºݶైஶƷƥƶޚࢗైஶƳƊƧ
ǒ¹੒ԨஇƲ঵үǚࡷǒǆưǉǓƛưǚƥƶ๋഍ưƟƧº
2. H17ైஶƶڽף঵ү
ҭڽڽףઑরƶདਭǇƳƒƌƮ¹˄ے໙ЏƯƶ঎൫հ੯ƳǐǓ૰ҟ঎ᒞຩ֞ܲƶףฯ¹
˅໑Џߤઑ൉Ư݉ƎȗÓȥȮǫଳލƳ֏ƭƗ૰ҟ঎ȘȁȮǲȞȦൟരƶౝϕ¹ƛǔƳҦƐ
Ƨೝ୰ܨȃȝǫȤȐǞÓଳލڤүǚ௢ǆƐƧփ೎ખ঎਽ƶ༫੶ीؒƶԏీ¹঎ࡐ½գ؈௬
ϳઑǚພƌƧ૰ҟ঎໙௫ଳލ¹ˆӥЏƳƒƙǓ๼ࢽ஝ԏీଳލ¹ӥ୫Ǯǝޡࡷ¹ӥ୫૰ҟ
঎๼঎ȝȆǺȥȮǫƒǐƻգ؈௬ϳઑଳލ¹ˇ૰ҟ঎Ŏ࠰یǲȚȠȧÓǲȢȮ¹ƶŏƬƶ
ࡹ඲ǚ൲݉ƟƮࡑࠍƟ¹ԇÐƶ঵үǚȐǞÓȄȋǾǪƝƣǓƛưƯޚࢗஇƳѭվЏǚսǈ
ڽף૰ЏਙઑƶŎ࠰ی૰ҟ঎໙௫ीؒǚౝϕơǓƛưƵǑƌưƟƧГ༫ƶڽףǚ݉ƫƧº
¸ݶైஶƶڽףƳƒƌƮƷ¹໑Џߤઑ൉ƒǐƻѭվ൉Ư݉ǗǔƧ 3૰஝ƳƒƙǓൖঝ॥ஶ
ƶȗÓȥȮǫଳލƳ֏ƭƗ૰ҟ঎ȘȁȮǲȞȦൟരƶౝϕ¹փ೎ખ঎਽ƶ༫੶ीؒǚԏీ
ơǓư؁Ƴ¹໙Џఝƶݔ঎¹Ҳ৵঎¹๼঎¹ȗÓȥȮǫ૰ҟ঎௖ƶ঎ࡐ½գ؈௬ϳઑǚພ
ƌƧ૰ҟ঎໙௫ଳލ௖ǚ݉ƌ¹۔૰Ưƶࡑ੯ȂÓǺưƥǔƳઓ҃ƟƧ 3࠰ی૰ҟ঎໙௫ǲ
ȚȠȧÓǲȢȮƳǐǒફߡ֧ƶҳߤփáϩߤփƒǐƻԒᙠؠӦփڈƶֲ༡փખ঎਽â૰Џ
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ƳѼƙǓ૰ҟ঎໙௫ڈƶࡑઙƔӕฯƝǔƧº
¸
áŌâ૰ҟ঎ȘȁȮǲȞȦൟര
໙ЏଇҀ൉ۜғഴࢥົപؼƶհ੯Ѝ SB-1 ƳƒƙǓ૰ҟ঎௧ȝȆǺȥȮǫڤүƳǐǔ
Ƹ»ޚǊৼƌ SB-1-3 ܛá॥ஶ 20mâƷݔаƳઓƟƮ๢ŌషƯ҃ௗƟ঎ϳȏÓǪǚٺ঵
ƟƮƒǒ¹॥ஶƶ॥ƌ SB1-2 ܛƶ૰ҟ঎฻ǐǒǊ֏୫࠯Ư 15Ż୷ஶݗƌϳ૷Ƴ঎฻ǚ
࠮ƫƮƌǓƛưƓǑઁƶ 3 Ѝƶ૰ҟ঎ưƷః໔ƟƧખ঎਽¹Ƭǆǒଉ঎ưƟƮ੻޲Ɵ
ƮƌǓƛưƔ࠷މƝǔǓ¼Гධ¹SB1-4á॥ஶ 200mâƷݔаƳઓơǓ҃ௗƷۂǑǔƢ¹
SB-1-1á॥ஶ 100mâ¹SB-1-2 ܛá॥ஶ 50mâư੏۶ೝԔơǓư¹SB1 ૰஝ƯƷ॥ஶƶ
॥ƌհ੯ЍƶǃƎƔǐǒપƕƌ૰ҟ঎ȘȁȮǲȞȦ૮ǚ๺ơǓƛưƓǑ¹૰ҟ঎ƶर
अȐȤǾǪǴƶ੻޲Ɣ݂ƐǑǔǓ¼ƛƶڤүƷۜғഴࢥົƳܦऺஇƲ๼঎஝Ɣ੻޲ơ
ǓƛưƳǐƗষݜơǓº
¸¸ӥվ൉ƶհ੯Ѝ B-2ƶ MP ȌǾǦÓǲǴȁțƳǐǓكյ঎Ϝ੯୩ƳƒƌƮ»૰ഒ฻ǚ
֏࣍ươǓ঎௧૮Ʒكյ B Ư 1.70m»كյ C Ʒ 2.0m»كյ D Ʒ 2.0m ƯƊǒ¹ӥվ൉
ƳƒƌƮǊ૰ҟ঎໙௫ƶरअȐȤǾǪǴƔ੻޲ơǓƛưƔԏీƝǔƧ¼ƛǔƷ¹ଫյખ
Ƴ࠺ൡЍƔ੻޲ƟƮƌǓࠧࡑưষݜơǓǊƶƯƊǒ¹࠺ൡЍϱӱƯǊӥЏਙઑƯ૰ҟ঎
Ɣ๼ࢽƟƮƌǓҧౖ঴Ɣ࠷މƝǔƧº
৅п৵र໙ЏƶșțǲૌƳƊǓհ੯Ѝ SB-3Ʒ»SB3-3á॥ஶ 120mâƶǇ഍ݗ๢ 230m
ƳܦऺஇƳ঎฻Ɣ੻޲ơǓƔ¹ઁƶհ੯ЍƷైյƶఝޚǊݔаƶંƌҩषƳƓƙƮƶ
Ǉ૰ҟ঎฻Ɣٺ঵ƝǔǓºƛƶ঎฻ࢽ۔ƶ࠯֛ư S-12 ๼঎໙ࢽƔীǛƳƲǓ࠯֛ƔГ
૸ƟƮƒǒ¹૰ഒ฻ҟ-120m ƶܦऺஇƲ૰ҟ঎฻ƶरϳƳٺ঵ƝǔƧଉ঎ܲ੧Ƴշ༫Ɵ
Ƨ๼঎ǌ૰ҟ঎ƯƊǓǊƶư঍ߒƝǔǓ¼
¸¸ƛǔǑ૰ҟ঎ȘȁȮǲȞȦƶ੯୩ڤүư๼঎஝ƶِյൟരƳ֏ƭƕ»໙Џൟ঎༑-ӥ
վƶ૨฻మ࠰یƶ૰ҟ঎ȘȁȮǲȞȦൟര฾࠿ইǚইŌƳ࠷ơ¼ƛƶইƓǑ»ے໙൉Ư
ᒞຩƝǔƧ૰ҟ঎ƷۜғഴപؼƯरअƟ๼ࢽơǓǊƶưǐǒ॥൉ǚୋǒ໙Џง૝ƶӥվ
൉ǀ໙௫ơǓપƕƲమƬƶ໙ǔƶ੻޲ƔฯǑƓƳ࠷ƝǔƧº
ইŌ¸ڽף໙ЏƳƒƙǓ૨฻ 2࠰ی૰ҟ঎ȘȁȮǲȞȦൟര
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áōâգ؈௬ϳઑ
a)ϩ୩௬ϳઑ
໙ЏఝƶܦऺஇƲࡶ຤๼঎ƶ૰ҟ঎Ʒ๼ࢽ૰஝ƓǑ 100m ǃƱ഍ݗƶݗƌषࣗǚᒞຩ
ےưƟƮƒǒ¹ҟ໙Џƶ૰ҟ঎ƳƊƧƫƮƷݗ഍ݗ൉ƯƊǓर໙ЏǚᒞຩۑươǓ૰
ҟ঎ǚ֬ےưƟƮƌǓƛưƔ૰ҟ঎ଇƶϩ୩௬ϳઑೝƓǑฯǑƓƳƝǔƧº੒ઑஇƳ
૰ҟ঎ȘȁȮǲȞȦհ੯ƓǑǊƧǑƝǔƧ૰ҟ঎໙௫ډ༲ưϩ୩௬ϳઑೝǚ֏ƳƟƧ
঍୩ᒞຩ഍ݗƓǑຊߒƝǔǓ໙௫ډ༲ưƶ೪ऺƳ໴ƌষݜƔǇǑǔƧº
b)ȃȥǼǡț
¸¸໙Џఝƶ૰ҟ঎ƶȃȥǼǡțൟ৖ڤүƷޚપƯ 3.1õ0.6T.U¹ޚࣹƯڸࢽۙӧǚҟӖ
Ǔºష෭ƳƒƙǓݔ঎ଇƶȃȥǼǡțƶډై඄ҠưȃȥǼǡțƶವۑ֛ 12.43 ైƶද࡜
Ә඄ƳǐǓۑওǚ݂໣ơǓư¹۔࠯஝Ư૰ҟ঎ƶȃȥǼǡț౔ஶƔ๢ 1T.U ϱҟƯƊǔ
Ƹઝໜ࠯յƷƒƒǐƥ 50 ైϱरƯƊǒ¹1T.U ϱरƯƊǔƸ 50 ైϱҟƶઝໜ࠯յƯƊ
Ǔư݂ƐǓƛưƔƯƕǓº໙Џఝƶ૰ҟ঎Ʒ 50 ైϱरƶઝໜ࠯յǚ๺ơǓǊƶư¹ƥ
ǔϱҟƶࡲƌǊƶƳપൿơǓƛưƔƯƕ¹ƥƶൟരٲܕƷ¹ƛǔǆƯࢿǁƮƕƧ૰ҟ঎
ȘȁȮȁȞȦ¹ϩ୩௬ϳઑ¹঎ࡐ௖ƶڤүƓǑ௮ƓǔǓ૰ҟ঎໙௫ƶӶ౉ư೪ऺƳǐƗ
ষݜƟƮƌǓº
b)14C
¸¸14Cൟ৖ǚȃȥǼǡțƯઝໜ࠯յǚ 50ైϱर๺ơǓư಴૨ƝǔƧ૰ҟ঎ƳઓƟƮஉ҃
ƟƧڤү¹SB2 ǌ SB4 հ੯ЍƷ 200Ø300 ై୷ஶƶ 14C ైનǚ࠷ơƔ¹ӥ୫հ੯Ѝ SB4
ƶ B كյϱ॥Ʒ 2000 ైϱरƶ 14C ైનǚ࠷ơٲܕƔీǉǑǔƧºƛǔƷଫյખǐǒ໑
੩ƶ૰ҟ঎ưƥǔǐǒҐ੩ƶ૰ҟ঎ưƔЂƲǓ໙௫ӄ୷ƳƊǓƛưǚ࠷މƟƮƌǓºƛ
ǔƷ¹ฤ֞ຜ੻঵ൟƶ঎ࡐǺǟȒƔƛǔǑƶ૰ҟ঎ƶյƯЂƲǓƛưƳଳཋஇƯƊǓº
ইōƳے໙൉ƓǑӥЏǆƯƶ૰ҟ঎ƶઝໜ࠯յൟരǚ฾࠿మ࠰ی૨฻ưƟƮ࠷ơº
ইō¸ȃȥǼǡț౔ஶחƻ૛ਬ 14౔ஶǚ֏ƳƟƧڽף૰Џ૰ҟ঎ƶై༛ൟരӶ౉ই
3. ঵үƶૄ঵ஶ
ҳߤփ໙Џƶߤ૰ƓǑӥЏƳƌƧǓփ೎ƶܢЏ૰ҟ঎໙௫ǲǴȁțǚບÐƲධ඲ǚພƌ
ƮӕฯƟƧڤүϱҟƶບƲ௾঴ƔౝϕƝǔƧº
½෭ڽף໙ЏƯƷ¹ߤ૰ƓǑӥЏƶଫյખǆƯƳƓƙƮঝഉైƶઝໜ࠯յǚ๺Ɵ۔޲ೝԔ
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இԩದƳࣈգƟƮƌǓíࣈգ঴૰ҟ঎îư¹ଫյખǐǒҐ੩ƶӥЏҟ૰ЏƳƊǓঝৰై
ǴǬÓȦƶઝໜ࠯յǚ๺Ɵ੏ઓஇƳ૰ҟ঎ƶ໙௫ƶഩԩದƲíୣઝ঴૙঎૰ҟ঎îƔ੻
޲ƟƮƌǓƛưº
½ਕࡣƶíࣈգ঴૰ҟ঎îƷƥƶ൝໊Ҡԙஇ঴ࡐư໙௫֞ܲƳǐƫƮíے໙൉ؤࣗ໙௫
ڈî¹íଇյ໙௫ڈî¹íܢЏ॥਽໙௫ڈîƶ 3 ƬƶǺǟȒƳൟ་ơǓƛưƔƯƕǓáই
3â
¸¸¸ই 3¸ڽף૰Џƶ૰ҟ঎໙௫Ӷ౉฾࠿ই
ƛǔǑƶ঵үƷ¹ƛǔǆƯऻඦƶ෩ƱฤƓƫƧے໙ЏƓǑѭվ൉໙ࢽЏƳࠛǓܢЏ
ƶփ೎ఝ૰ҟ঎໙௫ीؒǚ࠷ơئǉƮ๺ќƲ঵үƯ¹շ༫ơǓԙӔǌ݋ѮӔ௖Ư܏ഒƟݗ
ƌഓҤǚ௻ƮƌǓº
4. H18ైஶƶ๋இ½๋഍
¸෭ҭڽƷ H17 ైஶƯࢗ໦ơǓƔ¹௬Ơڽף૰ЏƶӥЏƒǐƻے໙ЏƯঝైૺǔƶҭڽ
ڽףƔڊ੶ƟƮࡑࠍƝǔƮƒǒ¹ӥЏƳƒƌƮƷ¹ୣ ઝ঴૙঎૰ҟ঎ƶ঵໔ۍПƶӕฯǚ¹
ǆƧے໙ЏƳƒƌƮƷଉ঎঴૰ҟ঎ƶऎସưݔаÓ໙ࢽӄ୷ƶշٱǚ૰ע൝໊இƲ੯୩ࡹ
඲ǚພƌƮӕฯơǓƛưǚڐӋƟƮƌǓºǆƧ¹ȃȥǼǡț੯୩ƳǐƫƮฯǑƓƳƝǔƧ
໙ЏఝƶŐŋైǐǒࡲƌైનƶ૰ҟ঎ƶܮƳधެƲై༛ǚౝϕơǓƧǉƶॠƧƲైન੯୩
ࡹ඲ưƟƮ CFCáຜ੻ȐȨȮâǚພƌƧڽףǊ¹ࡹƔƙƮǎƗຊ୩ƯƊǓº
5¼H17ైஶƶڽף೨ࡷ௻ीؒ
½ҭԙڽף೨
ҭڽ೨֏೎6á&â൲঵&)"&,ైஶ¸ߤઑ֏೎փ૰ҟ঎໙௫ƶࡑઙӕฯưƥƶ঎ࠢےஇഓ
Ҥ#¸௅஡¸࣐áનഒ¹஡ଇ¸়¹ସૌ־ໟ¹ૌܔ२ॶ¹஭޷ಇ݉¹௼яනघ¹୓੿२
֫¹қ஡ຂГ¹ࣹ๝ࠬ२Г¹יҏ඿ఽ¹ۼ௞ଊ੪¹उ஡ಇ֫¹)+&%%ৰѤ
ҭڽ೨֏೎¸(B)(2)¸൲঵ 16-18 ైஶ¸౪֝൝ࣕൟƳշǗǓϩਙ঴ڸ௟ƶƧǉƶѭվ૰ڰ
Џ૰ҟ঎໙௫ǲǴȁțƶ૖ލָࢾӬದ¼௼яනघ(નഒ)¹ང৵࢑Г¹௅஡¸࣐¹પהඐ
જ඿¹20000ৰѤ
ҭڽ೨ ֏೎ڽף(Ŗ)(ӥӱԙࢾଳލ)¸൲঵17ô19ైஶ¸௉ǝǳǝѭվЏƳƒƙǓ૰ҟ঎
໙ࢽƳಳƎ૛ਬ½юຩѻ་ാҼ໷ƶഓҤ¼ૌܔ२ॶáનഒâ¹Ըিࣀڂ¹௼яනघ¹
יҏ඿ఽ¹ତ¸သ¹௅஡¸࣐¹ࣹ๝ࠬ२Г¸8900ৰѤ
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ҭڽ೨¸֏೎ڽףáCâ൲঵17ô19ైஶ¸șȦǼ½ȃȧÓǰÓࡹ඲ƳǐǓ໙Џ঎½൝ࡐࣈ
գȒȨǶǴƶȝȂȦҠƳշơǓڽף¼¸୓੿२֫áનഒâ¹௅஡¸࣐¸3500¸ৰѤ
ҭڽ೨¸֏೎ڽףáAâ൲঵17ô20ైஶ¸Ђऺյڝ঎Ϝ਽ƶದি½रअȜǦȆǵțưܢЏ
૰ҟ঎໙௫¹࠺ਘޥӳƳחǄơы؜¸஡ଇཋܢáનഒâ¹י஡ງГགྷ¹ৰ้໴Ӑܥ¹௼
яනघ¹ݶҏओ֍¹ଇ஡іమ¹௅஡¸࣐¹ؽ৥ຂ߻¹ৗ஡¸֠¹౨ۍඐஒ¹38600¸ৰ
Ѥ¸
ҭڽ೨¸ඹӍڽף¸൲঵17ైஶ¸յڝ঎ଇƶѻਬϩ୩௬ϳઑೝǚພƌƧଵସ֛૰ࡐգ؈ϩ
୩঴ഓҤָࢾƶӬ¸ದ¸௼яනघ(નഒ)¹௅஡¸࣐¸4950¸ৰѤ
½ƥƶઁƶڽף೨
றशࠅࢄ઺ڽף೨¸'%%*ైஶ¹નഒ¸*%%ৰѤ»ïறश෰૰ƶ૰ҟ঎໙௫½ࣈգ֞ܲӕ৖ð
੒ݜ૰עգ؈ԙڽףࣗ¸'%%*ైஶ؁௬ڽף¹ൟ૕¸*%%ৰѤ»ïறࠅƶ૰ҟգ؈ƳߵǓॶ
յԩ௫ƶы؜ð
ۍࠃ໺գ؈ষ೮੨ॳ½ࠢؽը໊ǶȮǺÓ¸૰਽ࣕൟࢲ຤֏ਨָࢾڽףଳލ¸'%%)"'%%+ై
ஶ¸&*%%%ৰѤ¸ï઒৘փ૰ЏƳƒƙǓѻ૙؈ӧƳշơǓڽףð¸௼яනघનഒ½௅
஡¸࣐ൟ૕
ࠢے½ਬ޳ԙӔ¹॥൉૰ࡐգ؈ଳލӕ৖ָࢾઑڈҠϸОӔ¸ࢄ઺ڽף¸ï૰ҟ঎ƶ૰עҠ
ԙஇଳލƳշơǓڽףð¹ൟ૕¸1318ৰѤ
৶໗இ֏ਨڽף঍ॳࠧأډ೨!'%%&"'%%+ైஶ!ïෝ௉ǝǳǝोি඄ਐЏƶ঎ࣈգưি൝½
પ֡ڰƶ੏۶߁ພƶӕฯð!ঢ஡໼ฯનഒǃƓ¹ൟ૕!'**%&,ৰѤ
Ԍౌ໬ǰǟǪȦ֞ܲ৯૝֏ਨڽף࣢঵൲঵&,"&.ైஶ¸ѻਬϩ୩௬ϳઑೝǚພƌƧ঎໊૰
ࡐܲ੧ȝȂȦഓҤָࢾƶӬದ¼௼яනघનഒ¹௅஡¸࣐¹Ѝॕຂమ¹ࣹ๝৆¹¸.%%
%ৰѤ
½ϸఽډ໊ؽ¸3ڨ¸á2450ৰѤâ
6¼H1Œైஶƶڽףದഒ¹௾׳ीؒ
(1) ۍଙཉ൫ƳǐǓದഒ
½ ݦఝࠠáཋ൫â
áŌâࣹ޷Ց½௅஡¸࣐½ҹࡋܜܢ½ᓾݣܝá'%%*â¾ફߡ֧઒৘փƳƒƙǓِ௱
ٚ߂ƳಳƎյڝ঎ƶװ௫¼҃ພ૰ࡐ)*á+â»'&+"('(#
áōâЍ৵༓҇½௅஡¸࣐½އಅڴГ½ૌܔ२ॶá'%%*â¾ৌҏ൲๝ƳƒƙǓ૰ҟ঎໙௫
ڈ¼૰עҠԙ¼(.»&%,"&&-#
áŎâง஡૳๘¹௅஡¸࣐¹પषཋ೼¹ռߤఁࠇá'%%*â¾Ьஷವ௄ƶࣹ໙ЏƳƒƙǓ঎
ࢌࠊƶ֥২඄Ҡ¼ـ࢐ƶౙأ֡न#ફ̀ࢥ#&ŏݛ¹(,")%#
½ ݦްࠠá҇൫â
áŌâIVc^\jX]^!B#!I#>h]^idW^!VcY?#H]^bVYV'%%+!9ncVb^Xhd[hjWbVg^cZ\
gdjcYlViZg¸Y^hX]Vg\ZVcY[gZh]lViZg"hZVlViZg^ciZg[VXZ!?#<Zde]nh#GZ
h#!&&&!8%&%%-!Yd^/&%#&%'.$'%%*?8%%'.')#
69
(2) ۍଙཉ൫ϱӱƳǐǓದഒ
½¸ଙࣞ
áŌâ໑঎ƶࠧஒáݕ๋ࡈഃ¹Őݕ๋â¹ష෭໑঎ԙӔඇࢥ¼݋૭ࡡǰǟǣȮȁǞȐǞ
ǾǪ¹'%%+#%(
½ƥƶઁ
áŌâOnodera S, Saito M, Takei T, Hayashi M, and Shimada J (2004): Effects
of rainfall and land use on nitrate transport of coastal groundwater
in western Japan, Proc. 33th Cong. Int. Ass. Hydrogeology, 1-4.
áōâ௅஡¸࣐(2005)¾௬ϳઑǚ໅ພƟƧۜ঎൫ऻඦƶଋࢽ¼ష෭঎൫ҭԙӔࠠ¹No.35, 1
03-110.
áŎâ௅஡¸࣐(2005)¾বۤఝӥӥ୫ҟƶ঎.¸বۤఝӥ¹No.43, 22-27. (ࡡ)বۤఝӥգ؈
ඐਙ؃Ӕ.
áŏâ௅஡¸࣐(2005)¾૰ҟ঎ƶ૰עҠԙஇଳލƳշơǓڽף.¸॥൉૰ࡐգ؈ƶଳލzӕ
৖ָࢾƶઑڈҠƳշơǓڽף(൲঵Ōőైஶ)ඦݥࣞ.éࡡêࠢ ے½ਬ޳ԙӔ.269-301.
(3) ԙӔದഒ
(1) ໙Џ֩฾Ưƶߤઑ֏೎փ૰ҟ঎໙௫ƶࡑઙӕฯ¸૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬
પӔ 2005ై 5ڧ
(2) ҳ঵փƓǑƲǓߤ૰ے໙Џƶݔа໙ࢽӄ୷ƳƒƙǓ֏೎փ૰ҟ঎ƶ๡ԥ¸૰עཐস
ҭԙշ༫ԙӔ 2005 ైݜ௬પӔ 2005 ై 5 ڧáփरz୓੿z੢ᒜz৵रz௅஡zқ஡½஡
ଇƳǐǓ؁ଙâ
(3) ๼঎ƶݔа໙ࢽȒȨǶǴ¸૰עཐসҭԙշ༫ԙӔ 2005ైݜ௬પӔ 2005ై 5ڧ¸á୓
੿z৵रzқ஡½੢ᒜzփर½௅஡z஡ଇƳǐǓ؁ଙâ
(4) ҳ঵փƓǑƲǓߤઑ֏೎փଇƳƒƙǓյڝِ֡ƶװ௫¸૰עཐসҭԙշ༫ԙӔ 2005
ైݜ௬પӔ 2005ై 5ڧáқ஡½੢ᒜz୓੿z௅஡ƳǐǓ؁ଙâ
(5)¸ҳ঵փ໙ЏƳƒƙǓ໙Џ঎ࢌࠊחƻݔа໙ࢽӄ୷ƶ୩໷இڸ௟¸૰עཐসҭԙշ༫
ԙӔ 2005ైݜ௬પӔ 2005ై 5ڧáݗ෭z௅஡ƳǐǓ؁ଙâ
(6) գ؈௬ϳઑ½૰ҟ঎ȘȁȮǲȞȦൟരƳ֏ƭƗҳ঵փ໙Џƶ૰ҟ঎໙௫¸૰עཐস
ҭԙշ༫ԙӔ 2005ైݜ௬પӔ 2005ై 5ڧáЍरz௅஡zସૌ½יҏƳǐǓ؁ଙâ
(7) ࠺ਘ஢ϳ඲áSPâǚພƌƧܢЏ૰ҟ঎໙௫ౝϕƳշơǓڽף¸૰עཐসҭԙշ༫ԙ
Ӕ 2005ైݜ௬પӔ 2005ై 5ڧ(އ௞½௅஡zۼ௞ƳǐǓ؁ଙâ
(8) ૰ҟ঎໙௫ƳưǊƲƎଃਬ໙ࢽӄ୷¸૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬પӔ 2005
ై 5ڧáࣹ๝ࠬz্௞½໾z௅஡ƳǐǓ؁ଙâ
(9) ӥ୫૰ҟ঎๼ࢽ ૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬પӔ 2005 ై 5 ڧáૌܔ½ৗ೫½
௅஡ƳǐǓ؁ଙâ
(10) ѭվӥ୫૰ҟ঎๼ࢽưѻ૙঎؈ӧƶ඄௫¸૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬પӔ
2005ై 5ڧáৗ೫zૌܔz௅஡ƳǐǓ؁ଙâ
(11) ٠෭ۀಣનཚƳƒƙǓѻਬϩ୩௬ϳઑൟ৖ưѻ঎ԉߧȝȂȦ¸૰עཐসҭԙշ༫ԙ
Ӕ 2005ైݜ௬પӔ 2005ై 5ڧá้੿z௼я½Ѝरz௅஡ƳǐǓ؁ଙâ
(12) Ьஷವ௄ƶࣹ໙ЏƳƒƙǓԇࡾृದߧȝȂȦƳǐǓഓҤ¸૰עཐসҭԙշ༫ԙӔ
2005ైݜ௬પӔ 2005ై 5ڧ¸પषz௅஡ƳǐǓ؁ଙâ
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(13) Ьஷವ௄ے໙ЏƳƒƙǓ঎ࣈգȝȂȦƶܲૼ¸૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬
પӔ 2005ై 5ڧá஭޷z௅஡½ସૌƳǐǓ؁ଙâ
(14) ٠෭ۀЬஷವ௄ਔॠফҳߤփ་ൟരЏƶ૰ҟ঎ƳշǗǓ૰ࡐ௾঴¸૰עཐসҭԙշ
༫ԙӔ 2005ైݜ௬પӔ 2005ై 5ڧáସૌ½௅஡½ЍरƳǐǓ؁ଙâ
(15) ಣનӥ๼঎૰ЏƳƒƙǓ஢࠶֡հ੯¸૰עཐসҭԙշ༫ԙӔ 2005 ైݜ௬પӔ 2005
ై 5ڧáۼ௞½ԟૌ½އ௞z௅஡ƳǐǓ؁ଙâ
(16) ೝ୰ܨ૖ލ඲ǚພƌƧܢຢ࢈໾ࣽஷसƳƒƙǓ࢈Փ໙ƶы؜ЏƳշơǓڽףv૰עཐ
সҭԙշ༫ԙӔ 2005 ైݜ௬પӔ 2005 ై 5 ڧáપԒ׻ࠃ½௅஡¸࣐½પषཋ೼Ƴ
ǐǓ؁ଙâ
(17) The evaluation of the infiltration through stemflow in a warm-humid forested catchments. Proc.
on International conference on Head water control VI, Bergen, Norway 2005ై 6ڧ 20-23
షáЍ৵z௅஡½ঽ঎zࣹ໾ƳǐǓ؁ଙâ
(18) ѭվ૰Џƶ૰ҟ঎௾঴ƳշơǓڽף¸ష෭҃ພ૰ࡐԙӔ൲঵ 17 ైஶڽףದഒӔ຤ࠎ
ࢥ¸P.53¹2005ై 10ڧáѻࡹ¹ࣹ๝¹஡ଇ¹௅஡¹ଇ஡¹ೊ௄ƳǐǓ؁ଙâ
(19) ઒৘փଇƶ૰ҟ঎ƶ૰עҠԙ௾঴ଳލࡹ඲ƳƬƌƮô෫ѩƶॠફߡ֧઒৘փǚ༎ư
ƟƮôష෭૰ҟ঎ԙӔ 2005 ైஶ࢖֥પӔ݋Ѯ຤ࠎ¼2005 ై 10 ڧáᓾ¹ݦռ¹௅஡
ƳǐǓ؁ଙâ
(20) றश෰૰ƳƒƙǓഩϜ૰ҟ঎ƶ૰ҟ঎໙௫ưख߱঴ଃਬѽ৾ƶࡑઙౝϕ¹ష෭঎൫
ҭԙӔ 2005ైஶԙࢾપӔຊܻࢥ¹2005ై 10ڧáߡर¹ࡃѥư؁ଙâ
(21) ݔаǟȔȮȃ࠯ƶ໾ఝаư࢈Փ໙ƳƒƙǓݔ঎໷½஢֡ஞ௮ஶƒǐƻ௬ϳઑೝƶ඄
Ҡ௾঴¹ష෭঎൫ҭԙӔ 2005 ైஶԙࢾપӔຊܻࢥ¹2005 ై 10 ڧáЍ৵¹໭Ѝ¹
ঽ঎ư؁ଙâ
(22) The behavior of entrapped air in the bedrock fracture and the implication of storm runoff
mechanism áOnda, ,Masuguchi, Tsujimura, Furuya, ShimadaâH23C-1435, AGU fall
meeting 2005.
(23) Role of Groundwater Originated from Volcanic Rock in Rainfall-Runoff Processof Spring in a
Forested Headwater CatchmentáIwagami, Tsujimura, Onda, Shimada, TanakaâH23C-1442,
AGU fall meeting 2005.
(24) Use of self-potential (SP) method to understand the regional groundwater flow system
áSato,Shimada,GotohâH23E-1482, AGU fall meeting 2005.
(25) Analysis of stable chlorine isotopic ratios and saline water diffusion model in sedimentary
formation, Yatsushiro Bay, JapanáKimura, Tokunaga, Inoue, Shimada, HaseâH51A-0342,
AGU fall meeting 2005.
(26) Groundwater flow system study in volcanic low permeability bedrock basináInoue, Shimda,
Hase, MiyaokaâH23E-1478, AGU fall meeting 2005.
(4) ௾׳ीؒ ¾¸ƲƟ
Œ¼ƥƶઁŜŌ7ైஶƳƒƙǓ௾ഃơǁƕԩ௫
¸ŜŌŒైஶƳƒƙǓԩ௫ưƟƮୈҦơǁƕݕ๋Ʒ¹ҭڽ֏೎ڽףáߤઑ֏೎փ૰ҟ঎
໙௫ƶࡑઙӕฯưƥƶ঎ࠢےஇഓҤâƯ௻ǑǔƧଳލڤүƳ֏ƭƗ঵үऻඦ܏Ӭưշ༫
ڽףࡣյƶऻඦ܉՘ƶƧǉƶࢥӔưƟƮ¹2005.05Ƴ૰עཐসҭԙշ༫ԙӔݜ௬પӔáৰ
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ຢ෼ତâƯփ೎ఝ૰ҟ঎໙௫ƳշơǓ௾ൿǶǾǲȢȮǚࡶޘƟƧºƝǑƳ 2005.12 ƳӬ
ޘƝǔƧǝȜȥǦ૰ע൝໊ԙ༫ݜáAGUâƳƒƌƮ¹෭ҭڽշٱƶڽף঵үඦݥáŐ
ڨâƶದഒǚ݉ƌݦӱƶ঎൫շٱڽףࡣƓǑݗƌഓҤǚ௻Ƨº
¸2005.08ǸǡȦપԙáݦް SGDǰșÓǴǪÓȦंગ݋Ѯâ¹2005.09Ȋȉǟஷ้પԙ݋
Ѯ¹2005.12»૿ౡપݦް±¡´݋Ѯ¹2006.02 อۜғપ HyARC ڐӋڽףڽףࢥӔं
ગ݋Ѯ௖ǚ݉ƫƧº
¸ǆƧ¹H17 ై 5 ڧƶష෭૰ҟ঎ԙӔ 2005 ైஶ੒ӔƳƒƌƮ 1998-2004 ైష෭૰ҟ঎
ԙӔऩá௬ϳઑ঎൫ԙڽףƳƒƙǓԙࢾஇ݌ڼâǚࢄऩƟƧº
¸
œ¼H17ైஶ޲৙ơǓಇ߿ۼ֛Ӏ୷ԙিঝáॳԙࡣ¹ໜԙি¹ࡡӔॶƶఝ๤â
ư 18ైஶహԙຊ୩ԙিঝáఝ๤â
ŜŌ7ైஶ¾ōอáఝໜԙি 1อâ
ŜŌ8ైஶ¾ƲƟ
Ŕ¼ŜŌœైஶӱ൉ࠢؽ०ৈीؒ ¸¸
½¸֏೎ڽףáAâ૰עҜ૩ҠƳಳƎॢ໾ोিƶ඄ҠƔ঎ےᒞຩౖ֞ƳחǄơы؜
H18ØH21¸H18¾14,404ৰѤ¹੒Ԝ¾49,929ৰѤ¹નഒ:஡ଇ¸়¹ൟ૕ࡣ
½¸֏೎ڽףáB)áӥӱԙࢾଳލâସܳҟ໙൲ۍƳƒƙǓ૰ҟ঎ࠢےƶഓҤƳշơǓڽף
H18ØH21¹H18¾8,514ৰѤ¹੒Ԝ¾19,971ৰѤ¹નഒ:஡ଇ¸়¹ൟ૕ࡣ
½֏೎áBâӉƔݦƳƒƙǓॠƧƲࡲƌ૰ҟ঎ైન੯୩඲ƶԏ໔¸H18-19¹
੒Ԝ¾19,800ৰѤ¸௅஡áનഒâ
½֏೎áCâ֊Ӌଳލ¸ȔȃȅțܽҲ໙ЏƳƒƙǓؼైƶ૰ҟ঎௫ઙƶ඄Ҡ¸H18¹੒
Ԝ:400ৰѤ¹௅஡áનഒâ
½¸௾୩ڽף¸૰ҟ঎ǻǟȅȚǾǪǴưƥƶં฻இഓҤ¸H18Ø22¹੒Ԝ¾770,264ৰѤ¹
੒Ԩ G¸௅஡áનഒâ
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൲঵ 17ైஶڽף঵үඦݥá૒ైஶڽף঵үâ
ڽףӀભอ¾í๺ฯӥ½ಣનӥƶգ؈ޙিưේޥưƶଳཋî
ࣗੳ½ࠒอ ¾ ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ½ય৵ ঽ
1. ڽף๋இ½๋഍
áŌâH15ైஶØ2ŌైஶƳƒƙǓ๋இ½๋഍
¸નഒஇƲ൷ޒஇఝཚƯƊǒ»ܢપƲՒԤưપଫϳތƲƱః௾ƶ࠺ਘգ؈ƳƊǓ๺ฯӥ½
ಣનӥƯƷ»ؼైƶি൝੏ƶ඄Ҡưƥƶࡾƶڜۑ»ঢ়ଫƶંದ»঎ࡐ½୫ࡐƶϔҠƲƱ»
כڜƲգ؈ϔҠƶϔࣈգáാƶǴȌǟȤȦâƳոƫƮƌǓǊƶưڵ౉Ɲǔ»ӥЏգ؈ƶӖ
൑ưޙিƳշơǓҭԙஇڽףƶࡑࠍưưǊƳ»ƥƶޙিЄ࠮ઓ߉Ɣضכǚ຤ơǓݦҫஇӀ
ભƯƊǓ¼
ǆƧ»ƛƶӥЏƷ઩ൌ½ݗଫ௖ƶऺ࢞૰ખƯǊƊǒ»ӥनޥӳƳઓơǓϩढ़½ϩਙ঴ԏ
ඐƶƧǉƶઓ߉ƔഩҧڠƲ૰ЏƯǊƊǒ»మ໒੏ಶƟƧßգ؈ưේޥàƶଳཋƳշơǓ੆
כƲԙࢾஇ½ָࢾஇઓ҃ǚ»ضכƓƬ৘ئஇƳ݉ǗƵƸƲǑƲƌ¼
ƛƶǐƎƲ»൷ޒ঴ƶݗƌ๺ฯ½ಣનӥƶգ؈Ʒ»֡न½ӥन½૰नƶգ؈ܲ঵຤ਬƳ
িઙڈƔҦǗǒ»ƝǑƳఝ໑ƓǑƶॶЀஇы؜ǚપƕƗࢄƙǓൖߙƲПࠃƳࠊ౴ƝǔǓգ
؈ڈƳƊǓ¼ࢫƫƮ»ƛƶӥЏƳƒƙǓգ؈඄௫ƶȜǦȆǵțƶӕฯƳްƟƮƷ»ܢೆƲ
ൟ๝ƓǑƶԙްஇ½੒ݜஇڽףઑরưưǊƳ»գ؈ƶޙিЄ࠮ƳƊƧƫƮ»ƥƶධ߉ƶ߉
୩½ࡑࠍ½ը໊ƶरƓǑǊ»कଢ½݉শƶདǚଵƐƧ»߫ՐԙƳǐǓ੒ݜஇƲ঍ॳઑরƔ
ഩҧڠƯƊǓ¼
¸෭ڽףƷ»ضכ঴ƶݗƌ૰Џգ؈ƶ࢑൑ưЄ࠮Ƴऒ஝ǚܿǒ»ࢫີƶۛൿஇƲȒȨǶǴ
ڽףƓǑ੒ઑஇ½੒ݜஇƲڽףǀƶ֞௫இகӬǚҧౖươǓԙްڽףӬದƶǫȤȮȄȂǱ
ǟȮƶ߁঵ǚ๋ࠉơ¼ơƲǗƩ»գ؈ϔҠƶۍПưȜǦȆǵțƔഩฯƶǆǆ೟൳ीઙƳƊ
Ǔ๺ฯ½ಣનӥǚȝȂȦưƟ»ӥЏգ؈ƶൖߙƲȜǦȆǵțǚ൝໊இ»Ҡԙஇ»ি൝இƳ
ં੩฻ƓǑڽףƟ»գ؈඄ҠƶഓҤ½ຊ੯ǲǴȁțƶܲૼǚ݉ƎưưǊƳ»ӥЏգ؈ƶӡ
ਖ߉ǌఝ໑ƓǑƶॶЀஇാҼƶ߂ۑָࢾӬದƲƱ»ӥЏգ؈ඐਙưЄ࠮ධ߉ƳƬƌƮƶ۔
૰ࡑथࡑۊ½ӬದڽףưưǊƳ»ӥनޥӳƶഓҤ½ຊ੯ǲǴȁțƶܲૼǚ݉ƌ»գ؈ưේ
ޥưƔଳཋƟƧգ؈ඐਙƶ໊ੀ੡ǚ਴ࢽơǓƛưǚ๋இươǓ¼ƛǔƳǐǒ 21 ফ֧Ƴƒ
ƙǓ࠮੶ҧౖƲ૰ЏࡡӔٺ঵ƶƧǉƶҭԙஇகӬǚইǓ¼
áōâH17ైஶƳƒƙǓ๋இ½๋഍
½๺ฯӥ½ಣનӥƶգ؈๓ભƳշƟƮ¹ҭԙڽף೨ڽף֏೎(A)ƶޚࢗైஶƳ௓ǒ¹ҟ֪
ƶԇݕ๋ƳƬƌƮڽףƶॳகưࡷǒǆưǉǚ݉Ǝº
(1)๺ฯӥЏƳƒƙǓ൝໊գ؈½িઙգ؈ưƶ੏۶շٱƶӕ৖Ƴ֏ƭƗգ؈඄Ҡƶ຤П
ൟ৖
(2)ӥЏƶ໙௫գ؈ഓҤzຊ੯¦ƶܲૼ
(3)๺ฯӥѭվЏƳƒƙǓપ֡-ӥ฻-໑฻੏۶߁ພƶհ੯ƳǐǓేգ؈ഓҤưຊ੯
(4)୫ࡐ௾঴Ƴ֏ƭƗՒԤգ؈ƶഓҤ¦ƶܲૼưՒԤ୫ࡐƶӡਖ߉
(5)঎ࡐգ؈ഓҤưՒԤिҠౖ֞ഓҤƶܲૼחƻՒԤिҠౖ֞ƶ؊Ҡ
(6)ՒԤ୫ஂƶ೰ি൝ਸ਼ӕ৖Ƴ֏ƭƗՒԤౖ֞ӡਖ
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(7)໑Џ੩ѽ઼ේࠐ¦ƶԏ໔ưѭվЏԩ঴Ҡ৶໗ƶܲૼ
(8)ȥȝÓȃǶȮǲȮǫƳǐǓգ؈ऻඦȝȆǺȥȮǫָࢾƶԏ໔
½ӥЏգ؈ƶޙিƳշơǓ۔૰ࡑथࡑۊ½ଳލחƻޙিධ߉ƳƬƌƮ»؁௬ڽףƶࡑࠍ
ǚ݉Ǝ¼ٌઑஇƳƷ»ӥЏգ؈ଳލਊíӥ֮îƳǐǓӥЏգ؈ଳލưí݁ឡîƳǐǓ
ՒԤӡਖܑүƳƬƌƮƶݦஷ܉ୋकưƶ؁௬ڽףƶࡑࠍ¼íƲƖƝਅá҄Ɛীސܞ඲âî
਴িƳǐǓßේޥưգ؈ưƶଳཋƟƧàॠƟƌӥվඐਙࠧأӬದƳƬƌƮƶౙ໾঎߫
कưƶ؁௬ڽףƶࡑࠍ¼٠෭ۀஷ้൉ƒǐƻ NPO ඲ॶưƶ؁௬ڽףƳǐǓíॶܞՒԤ
á๝଺ƶ૴â਴িîƳǐǓգ؈඄௫ƶ§³¦ଳލ»ƒǐƻ٠෭ۀգ؈শ߉Ӏưƶ؁௬
ƳǐǓѭվЏգ؈ࡑઙଳލחƻӥЏգ؈ޙি߉ƶ¤¡´¬²߁঵Ƴࡷǒਭǈ¼ǆƧ¹׻
றપԙේޥڽףࣗưҭԙڽף֏೎(B)ƶڽף௖ǚୋƠƮ¹ൖݜٸޥӳƶȊǱÓȄșǾȒ
߁঵ƳܕƙƧ؁௬ڽףǚࡑࠍơǓ¼
ō. H17ైஶƶڽף঵ү
ǗƔݦӥЏƶգ؈½ේޥƳշơǓԙࢾڽףƶڹϹࡣưƟƮ,ŏŋঝ຋Ƴחƾԇकଢ½
ۀ௖ƶϸОӔƶϸОସ½ϸОǚยǉ,๺ฯ½ಣનӥգ؈ƶඐਙ½ޙিưේޥƳܕƙƮ݉
শǀƶࠉ௮½୲ۗǚ݉ƌપƌƳࡡӔƳ݌ڼଇƯƊǓ¼
գ؈๓ભƯƷ,௾Ƴ๺ฯ½ಣનӥޙিƶƧǉƳգ؈कƳ০૷ƝǔƧí๺ฯ½ಣનӥ੒
ݜଳލഓҤϸОӔϸОáޙি඲Ƴ֏ƭƗݦƶࠡ๓ϸОӔâîǚୋƠƮપƌƳָࢾࠉ௮ǚ
݉ƎưưǊƳ¹ౙ໾঎߫क¹঎߫ଢ¹ݦஷ܉ୋकƶ๺ฯ½ಣનӥޙিƶƧǉƶǃưǛƱ
ƶϸОӔƶϸОସ½ϸОưƟƮ¹ָࢾࠉ௮½୲ۗǚ݉ƫƮƌǓºǆƧ¹٠෭ۀƳƒƌƮ
Ʒ¹๺ฯӥ½ಣનӥޙিƶƧǉƶșǴǺÓȒȤȮ߁঵ƶϸОӔǚ০૷Ɵ¹ϸОସưƟƮ
৯ىஇƲӥЏգ؈ޙিƶධ߉ǚ୲ۗ½ࡷǒǆưǉƧºǆƧ,ݦஷ܉ୋकǌౙ໾঎߫कƲ
Ʊư؁௬ڽףǚǊঝંƗࡑࠍଇƯ¹ౙ໾঎߫कـ࢐ౙশؤاอ҆௄ӥվƯƷ¹ݗଫේޥ
୨ේƶਕ฻Ƴգ؈ඐਙ߉ǚࠍƟ¹գ؈ưේޥƶଳཋǚ๋ࠉƟƧ۔૰ࡑथࠟۊǚ݉ƌપƕ
Ʋ঵үǚװƚƧº٠෭ॠܶƯƷॶܞՒԤƶ਴঵¹ƲƖƝਅƶӖ൑ࠧأǚݦஷ܉ୋक¹٠
෭ۀƒǐƻŢŤţư؁௬ƯଳލڽףƟ¹๺ฯӥ½ಣનӥޙিƳু໺இƳࡷǒਭǛƯƌǓ¼
ේޥ๓ભƳշƟƮƷ,í٠෭ۀݗଫઓ߉ڸ௟ӔáϸОସâîƯੀ୩ޚપݗଫǚ֏࣍ưƟ
ƧॠƧƲßۑޥàઓ߉ƶ֏෭ࠉॴǚ߉୩ƟƧ¼Ӊݦࣖƶӥվޥӳƶۑޥઓ߉ƶ໊౉ǚ୲
ۗƟ,٠෭ۀƒǐƻݦƶݗଫۑޥઓ߉ƶ֏෭ධॴưƟƮ߉୩ƟƧ¼ƛǔǚࢄƙƮí٠෭
ۀӥվඐਙ֏෭ڐӋڸ௟ӔáϸОସâîƯƷේ܅½գ؈½໅ພƶଳཋǚ๋ࠉƟƧ֏෭ڐ
Ӌǚ߉୩ƟƧ¼ƝǑƳൖݜޥӳǚੀ୩ƟƧȊǱÓȄșǾȒ߁঵ƶ؁௬ڽףǚ׻றપԙේ
ޥڽףࣗưưǊƳࡑࠍơǓưưǊƳ¹٠෭ۀƳí٠෭ۀҲ৵zӥվۑޥઓ߉ȒȨǳǢǪ
ȃǼÓțӔׁîǚ০૷ƟƮ¹ൖݜٸޥӳǚੀ୩ƟƧۑޥশ߉ƶ֏෭ࠉॴ߉୩ƶଽৣࠉ௮
௖ǚু໺இƳ݉ƫƧºƝǑƳíಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧ӔׁîƯƷ¹àޥӳƳ
ƬǐƗգ؈ưଳཋƟƧ૰ЏƭƗǒàǚ୲ۗ½ࠉ௮Ɵ¹շ༫ƶŎࠅŌଭƯƶ݋ѮӔ௖Ӭޘ
ǚୋƠƮ¹ࠅภƳǐǓ૰ЏƭƗǒƶԩ௫ǚகӬƟƮƌǓº
ݶƛƶӥЏƔଽ฻ơǓ ßգ؈ưේޥà ƶమ໒੏ಶơǓ๓ભǚપƕƲӀભưƟƮ,৘
ئஇƳࡷǒਭǛƯƌǓ¼ǆƧ,í٠෭ۀ܏؁ࠧأޙഓҤեࠜϸОӔáϸОସâîǚ൲঵ 16
ైஶǐǒثǉ, ૰Џƶ܏؁ƶ໅ƳࠢơǓশ߉ƶƊǒධ௖ƳƬƌƮǊǚࠉ௮½୲ۗƟƮƌ
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Ǔº
ǆƧ,૰ЏƳƒƌƮƷ,൫൉ҭԙकƶ٠෭પԙ૰Џ݌ڼ௾ൿࠊѬࠧأƶનഒưƟƮࠧأ
ǚ঍ॳƟ,ß૰ЏࡡӔƶේޥưգ؈ƶଳཋà,ßԩƕԩƕƟƮ૰ЏࡡӔƭƗǒàƳંપƶ
ࡑ৚ǚƊƚƮƌǓ¼ǆƧ,í๺ฯ½ಣનӥѭվЏգ؈ڽףӔáH9Øâ:ࡶޞî,íNPO¾Ǉ
Ǒƌ๺ฯ½ഩ૯ҳáH13.6Øâ:໊ࠧସî,í٠෭ۀڳ০ǮȮǰȦǺȮǿ؃Ӕ¾ָࢾ۳๓î,
ƥƶઁ,գ؈½ڳ০½ଳލշ༫֊أƶঝࡡƶָࢾࠉ௮ࡑࠍ,ǆƧíՒԤȐǢǴǺîࡑ݉ϸ
ОସƲƱգ؈ؐАǊࡑࠍଇƯ,૰Џƶգ؈½ේޥ߫أƶԩ঴ҠưưǊƳ,ڽף½ؐАƶȥ
ÓǻÓưƟƮ൦௩ଇƯƊǓ¼
પԙƯƶؐА½ڽףԩ௫Ǌ೪ऺƳԩದƳ݉ƫƮƒǒ»௾Ƴ»ؼైƶ؀੍இڽףࠢؽƶ
Ԏ௻áŐైϱఝâƷ»ష෭ԙࢾय़ؘӔƶҭԙڽף೨֏೎ڽף(A)ƶŎӀભǚսǈŌŋӀ
ભá੒ԜŌőŌ»ŏŋŋৰѤâ»ƥƶઁƶӱ൉ࠢؽǊંঝԎ௻á๢ŏŋڨ»40,000 ৰѤ
áŐైյââƟંપƶڽףࡑ৚ƔƊǓ¼௾Ƴ»17 ైஶƓǑଵપٸڽףȒȨǳǢǪȃƯƊ
Ǔ൫൉ҭԙकƶҭԙָࢾय़ؘଳষ೨á൲঵ 17ైஶØ21ైஶƶ 5Ȱైյ¾๢ 4ҒѤâǚ
Ԏ௻Ɵ»ـ࢐પԙ»އӏપԙư༫ځƟƮ๺ฯӥޙিƶƧǉƶଳލڽףƲǑƻƳ۔૰ࡑथ
ࠟۊǚӬࠀƟƧưƛǕƯƊǓ¼
Ŏ. ঵үƶૄ঵ஶ
¸๺ฯ½ಣનӥƶգ؈ޙিưේޥƳƓƓǗǓ੒ݜڽףǚ঍ॳơǓƳ௓ƧƫƮ¹ԙࢾڽףƷ
Ǌưǐǒ¹শ߉߉୩ǀƶଽৣࠉ௮½୲ۗ¹૰ЏࡡӔ߁ǒ௖Ð¹৘ئஇƳ঍ॳ½கӬǚ݉ƌ
ંપƶࡑ৚ư݌ڼǚүƧƟƮƌǓº
¸
ŏ. 18ైஶƶ๋இ½๋഍
¸գ؈¹ේޥáۑޥâ¹գ؈ưේޥƶଳཋ¹ϩढ़½ϩਙƯԩƕԩƕƟƧ૰ЏࡡӔƭƗǒ¹
ǚ๋഍ưƟƮ 17 ైஶƳСƕ੶ƕ¹৘ئஇƲڽףகӬ¹শ߉߉୩ࠉ௮ƲƱǚڊ੶ơǓº௾
Ƴ¹17ైஶƳޡવƝǔƧଵપٸڽףȒȨǳǢǪȃá൫൉ҭԙकƶҭԙָࢾय़ؘଳষ೨í๺
ฯӥি൝ি੬գ؈ƶྩᘯٸޙিưࡑथࡑۊîâڽףǚଇढ़Ƴí๺ฯӥ½ಣનӥƶޙিîǚ
ȁÓșƳ৘ئஇƲڽףகӬǚ݉Ǝº
Ő¼17ైஶƶڽף೨ࡷ௻ीؒ
¸˄ష෭ԙࢾय़ؘҭԙڽף೨඗࣢ؽ
1âય৵ঽá٠પનഒâ¼൫൉ҭԙकҭԙָࢾय़ؘଳষ೨¾ࢲ຤Ӏભӕڡٸڽף»
í๺ฯӥি൝ি੬գ؈ƶഩྩᘯٸޙিưࡑथࠟۊ (17ైஶ 126,194ৰѤ).
2) ય৵ঽáનഒâ.֏೎ڽף (A) (2)Гೃ.൲঵ 14Ø17 ైஶ¸53,040 (ৰѤ).
í๺ฯӥՒԤգ؈ƶӖ൑½Є࠮ධ߉ƳշơǓڽףî
3âય৵ঽáൟ૕â. ֏೎ڽף (B) (1)Гೃ.൲঵ 17ైஶ¸600 (ৰѤ).
¸¸¸íୄౡ½ݗଫ½ܴ঎಼ແƶൖݜȊǱÓȄșǾȒî
3)
ˆࣴԙ֒പؽ
ŏڨ¸¸'!%%%!%%% ѤáѭվЏգ؈ҭԙؐАڽףǶȮǺÓ½ؐࢇ¿ય৵¸ঽâ
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ˆ؁௬ڽף
1âય৵ঽ¼áǝǳǝȒȤȮȆȮǫ΁â൲঵ 8Øڊ੶ଇ.420 (ৰѤ)/ై.í๺ฯӥЏƳƒ
ƙǓ࠺ਘգ؈ƶഓҤưඐਙƳշơǓڽףî.
2âય৵ঽ.áӬ঵ܞأԵ࠿Ӕࡡâ.൲঵ 8Øڊ੶ଇ.420 (ৰѤ)/ై.í໑঎໙హƳಳƎ๺
ฯӥЏƶ൝ࡐ໙௫ưƥƶর۽î.
ˇ൲঵ 17ైஶ०ৈीؒ
1)ય৵ঽáનഒâ.֏೎ڽף (A).൲঵ 18Ø21ైஶ¸49,574 (ৰѤ).
íಣનӥӥЏգ؈ƶྩᘯஇഓҤưӖ൑½Є࠮ධ߉î
ő¼H17ైஶƶڽףದഒ¹௾׳ीؒ
(1)ۍଙཉ൫ƳǐǓದഒ
˄ݦఝࠠáཋ൫â
(1)Ԣۍ־ೆ½ଇ๝શ࠲½മ஡๴ܡ½૾ఝГܵ½ެ஡आܢ½ય৵ঽ,”3 ࠰یঝ૮ȝȂȦƳ
ǐǓ๺ฯӥƶ໙ؒӕ৖ư֡नऽڨ௖ƳઓơǓ҃ௗ௾঴ƳƬƌƮß,ஷ้ԙӔཉ൫ࢥ No789/
̀-71,pp.83-92,(2005.05)
(2)ۼ௞Ӑ౐½ય৵ঽ¾”ݗଫޥӳƶ֌֞ը໊”,৅ష෭ָࢾ߿ڽף½أ৚ದഒై࠰પӔ݋
ѮӔࡡ,âష෭ָࢾ߿ـ࢐ࠊ൉,ફ 11Ӗ,އӏ,pp,10á2005,6,3â
(3)ॢ෭ڮઃགྷ½ય৵¸ঽ½஡ଇګ༲½੢஡໡ޛ½ߡಐຨӓ(2005)¾”٠෭ܶ๝଺ƶ૴Ƴƒ
ƙǓՒԤ੧঵ۼƶգ؈ƶ૜֛இƲਐЃӄ୷ƳշơǓڽף”»ӥປӬದཉ൫ࢥ,vol 21,ફ 30
ӖӥປӬದǲȮȘǳǡț»ෝӥ௶¹ࣹ૏ࠅ pp665-670.(2005.7.13-15)
(4)ય৵ঽ½࢖یཋᅻ½൲शڬࢆ½஡ଇ়ཋ½,৅੿ٵӓ½௄޽і݉½஬ᩴঞ¾” ๺ฯӥ٠
෭Ґƶ঎ӗܲ੧ưഒ਽઒৘൝ൟര௾঴”,ӥվܞԙཉ൫ࢥ,ஷ้ԙӔ,ફ 52Ջ, pp. 956-
960.(2005.11.9)
(5)঵उฯ½஡ଇګ࠲½ॢ෭ڮઃགྷ½ય৵ঽ:ßຽ໙з੏շ඲Ƴ֏ƭƗ๺ฯӥՒԤरƶ૰ഒ
฻ȐȤǾǪǴଽৣհ੯” ,ӥվܞԙཉ൫ࢥ,ஷ้ԙӔ,ફ 52Ջ, pp.1081-1085.(2005.11.9)
(6)ય৵ঽ½࢖یཋᅻ½ׅ൅ܥ౐½஬ᩴঞ¾ß๺ฯӥપпҐƶӥЏ௾঴ưӥ୫ጂዌƶܑү” ,
ӥվܞԙཉ൫ࢥ,ஷ้ԙӔ,ફ 52Ջ, pp.1141-1145 (2005.11.9)
(7)ॢ෭ڮઃགྷ½ય৵ঽ½ۜ৵ټઃ½੢஡໡ޛ½஡ଇګ࠲½ߡಐຨӓ¾ß਴িƝǔƧԤۧՒ
Ԥƶ௾঴ưգ؈඄௫ȜǦȆǵțƶӕฯƳշơǓڽף”, ӥվܞԙཉ൫ࢥ,ஷ้ԙӔ,ફ 52
Ջ, pp.1171-1175á2005.11.9)
(8)ય৵ঽ½੢஡໡ޛ½ॢ෭ڮઃགྷ½஡ଇګ࠲½પהඐ֫ॷ½৅ۍܜ೵½ׅ஡࢕࢈:ß๺ฯ
ӥՒԤӥЏգ؈ӡਖǀܕƙƧஂࡐՒԤ݁ឡƶܑүƳշơǓڽףà,ӥվܞԙཉ൫ࢥ,ஷ้
ԙӔ,ફ 52Ջ, pp.1201-1205(2005.11.9)
˅ݦްࠠá҇൫â
(1)Kentaro Morimoto, Kiyoshi Takikawa, Kenji Tanaka, Tatsuya Masuda (2005): Study on
Environmental Change in Initial Stage in Artificial Tidal Flat, Asian and Pacific Coasts , pp559-
562. (2005.9.4-8)
(2)Kenji Tanaka, Akira Narimatsu, Kentaro Morimoto and Kiyoshi Takikawa (2005): Turbulent
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Characteristics of the Atmospheric Surface Layer in the Inter-tidal Zone of the Ariake Sea, ,
Asian and Pacific Coasts , pp.679-682 (2005.09.4-8)
(3)Kiyoshi Takikawa, Chiharu Aoyama, Kenji Tanaka, Kentaro Morimoto (2005): Characteristic
Environment in Yatsushiro Sea , Asian and Pacific Coasts pp.555-558(2005.09.4-8)
(4)Kenji Tanaka, Akira Narimatsu, Kentaro Morimoto and Kiyoshi Takikawa (2005): Surface
Energy on the Tidal Flat of Ariake Sea, the 8th International Conference on Cohesive Sediment
Transport (INTERCOH2005), pp42-43(.2005.09.20-23)
(5)Kenji Tanaka, Akira Narimatsu, Kentaro Morimoto and Kiyoshi Takikawa (2005): Turbulent
Characteristics of the Atmospheric Surface Layer on the Tidal Flat of Ariake Sea, the 8th
International Conference on Cohesive Sediment Transport (INTERCOH2005), pp.
(.2005.09.20-23)
(6)Harada Hiroyuki»Takikawa Kyoshi»and Hayashi Yasuhiro(2004):”The Effects of Salinity on
Water Purification Ability of ARIAKE Sediment,” The Asian Pacific Confederation of
Chemical Engineering October 17(sun,)-21(Thu,),2004 Kitakyushu, Japan (2004.10.17-21)
(8)Tanaka, K., and K. Takikawa, 2006: Atmospheric turbulent flux observation on the tidal zone
over the Ariake Sea, Japan, 14th Conference of Sea Atmosphere Interaction, 86th American
Meteorological Society Annual Meeting, 29 Jan. - 2 Feb. 2006, Atlanta, GA, USA.
(2)ۍଙཉ൫ϱӱƳǐǓದഒ
¸˄ଙࣞ
1)஡ଇ়ཋ½࢖یཋᅻ½ય৵¸ঽß๺֞൝പҦƶࠉ഍ưƟƮƶ୫ি๺ܛଏàڧյӥປ½vol,37»
No11.97-104á2005â
2)ϸОସե࢑ય৵ঽݦஷ܉ୋकـ࢐૰ධষ೮ؤ½٠෭ܶཚ½ِܶষ೮ࠧยࣗà൲঵ 16 ై
ஶգ؈ষ೮ਊíӥ֮îై࠰ඦݥࣞÔ๺ฯӥ½ಣનӥƶӥЏգ؈ଳލڤүÔ(2005.09)
3) ࢖یཋᅻ½ય৵¸ঽ½௄޽і݉½ߤҟໟ౐½उя૳๘½৅੿ٵӓ½஡ଇ়ཋ½൲शڬ
ࢆßಣનӥෝ൉ƶ୫ࡐൟരƶ௾঴à ڧյӥປ½vol,38»No2.pp97-104á2006.2.1â
4)ଇ஡হ೼½௄஡࢕इ½ϩ൅च½࢖یཋᅻ½ય৵¸ঽßಣનӥƳƒƙǓҠԙѽ৾ƶ۔ीӕ
৖àØಣનӥෝ൉ƶ୫ࡐଇࢲؽੳƳƬƌƮØڧյӥປ½vol,38»No2.pp131-136á2006.2.1â
˅ԙ؃Ӕࠠ
1)ય৵ঽ¾àӥЏƶ໙௫ư୫ࡐգ؈ƶ඄௫à๺ฯӥ½ಣનӥڽףࡣӔׁ,50p,(2005,4,23)
2) ય৵ঽ¾”ൖݜٸޥӳưƷ”ફŎӖ¸ǇǑƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡț๺ฯӥ½ಣ
નӥƶޙিǚǉƞƟƮÓൖݜٸޥӳưҜ૩ҠƳಳƎӥЏգ؈ƶ඄ҠƳƬƌƮÓ٠෭પԙ
ܞԙ൉ഉࢍై֪౉պ,pp,1-6 , (2005.4.28)
3)ۼ௞Ӑ౐½ય৵ঽ¾”ݗଫޥӳƶ֌֞ը໊”,৅ష෭ָࢾ߿ڽף½ફ 11 Ӗأ৚ದഒై࠰
પӔ݋ѮӔ ,pp1-10,á2005,6,3â
4)ય৵ঽ¾”֡न½ӥनޥӳá3â¾๺ฯ½ಣનӥЏƶգ؈Ђ඄ưޙি߉”,ԙްҭ๋ 7ô1¾
íޥӳØ٨ƲǑƱƎઓ҃ơǓØî,pp94,(2005.6.10)
5)ય৵ঽ¾”๺ฯӥ½ಣનӥƶ୫ࡐգ؈ƳƬƌƮ”ફ 14 Ӗգ؈क๺ฯӥ½ಣનӥ੒ݜഓ
ҤϸОӔWGದഒ pp126,(2005,6,16)
6)ય৵ঽ¾ ”ఝཚЏƶգ؈ӡਖ ”൲঵ŌŒైஶ¸WAVE ૰Џ܉໙Ӕ in ٠෭ȌȈȤ
Ó,pp32,(2005,7,7)
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7)ય৵ঽ¾” ๺ฯ½ಣનӥƶݗଫ௾঴ưӥվգ؈ƶ۔ी”ԙްҭ๋ 4ô2 ๺ฯӥ½ಣનӥ
ǚҭԙơǓ¾ ේޥưգ؈ǚ݂ƐǓØഩ૯ҳӥݗଫޥӳư๺ฯӥЂ඄Ø,pp66,(,2005,7,13)
8)ય৵ঽ¾” ๺ฯӥƶ൝໊գ؈ƶ۔ीưӡਖƶࣕධᛉ”ԙްҭ๋ 4ô2 ๺ฯӥ½ಣનӥǚ
ҭԙơǓØ,pp94,(2004,7,20)
9)ય৵ঽ¾“ൖݜޥӳƳƱƎࡷǒਭǈƓØݦưƟƮ½૰ЏưƟƮ½ָࢾࡣưƟƮØ”,(ࡡ)
٠෭ۀ,੯໷০ڐڳ০ǮȮǰȦǺȮǿ؃ӔફŎӖأยඦݥӔ֏ଳ݋Ѯ,ཉ൫ࢥ pp1ô
8,(2005.09.14)
10)ય৵ঽ¾ß๺ฯӥƶ୫ࡐգ؈ưޙি߉ƶࡑࠍࠟۊ”൫൉ҭԙक¸૰Џ݌ڼ௾ൿࠊѬࠧأ
íգ½ϋਮÖ๺ฯӥƶգ؈ඐਙ½࢑൑ưȑȦÓ½ǫȥÓȮǿÓȥǵțԩ঴ҠƶƧǉƶȈ
ǾȃȪÓǪܲૼî൲঵ 17ైஶ٠෭પԙࠅภ܏Ӭ݋ޕí๺ฯӥ½ಣનӥǚҭԙơǓîpp 22»
(2005,10,12)
11)ય৵ঽ¾ß๺ฯӥƶޙিǀܕƙƧ۔૰ࠟۊۂԙӔ”൫൉ҭԙकҭԙָࢾय़ؘଳষ೨¸ࢲ
຤Ӏભӕڡٸڽף¸٠෭ॠܶ¾գ؈ষ೮ਊӥ֮¾٠෭ॠܶ९঎໻૰܏ѥíՒԤƲƖƝਅ
۔૰ࡑथࠟۊ૰î¹๝଺ƶ૴îáۂԙư֪౉ोޢâاอ҆௄ӥվí҄ƝƐীސࠟۊ૰îۂ
ԙ,pp15,(2005¼10.22)
12)ય৵ঽ¾“๺ฯ½ಣનӥƶޙিǚǉƞƟƮ”٠෭½އӏ½ସ޽¸Ŏપԙݜ௬¸ફ 3Ӗ¸Ǉ
Ǒƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡț,pp42,(2005,10,28-29)
13)ય৵ঽ¾ß๺ฯӥি൝ি੬գ؈ƶྩᘯٸޙিưࡑथࠟۊ,”๺ฯӥি൝ি੬գ؈ƶྩᘯٸ
ޙিưࡑथࠟۊƳƓƓǓǲȮȘǳǡț,൫൉ҭԙकҭԙָࢾय़ؘଳষ೨¸ࢲ຤Ӏભӕڡ
ٸڽף๺ฯӥƶޙিƳܕƙƮØݦ½ۀ½પԙƶࠟǇØ,pp46, (2005.11.18)
14)ય৵ঽ¾“գ؈ưේޥƳշơǓઓ߉ưƥƶධܕ” (ࡡ)٠෭ۀ੯໷০ڐ½ڳ০ǮȮǰȦ
ǺȮǿ؃Ӕָࢾ݋ѮӔ, (ࡡ)٠෭ۀ੯໷০ڐ½ڳ০ǮȮǰȦǺȮǿ؃Ӕ,٠෭ȁȦǰ,٠
෭ࠅ, pp ,(2006.1.27)
15)ય৵ঽ¾“๺ฯӥ½ಣનӥޙিưේޥưƶଳཋ”ફ 6 Ӗ٠෭પԙ௉׻ȧǣǹȮǥȐǞ
Ǵ½ǟȑȆȮǫǶȚȅÓ૰Џƶ࠺ਘưգ؈¸Ø๺ฯӥ½ಣનӥƶޙিưЄ࠮Ø,ݦ໔પ
ԙ඲ॶ٠෭પԙ ,ǨȞȮȋǴ½ǟȉȔÓǲȢȮǶȮǺÓ, ௉׻ற,pp24 ,(2006.3.8)
16) ય৵ঽ¾“๺ฯ½ಣનӥգ؈ޙিưේޥưƶଳཋ”ફ 4 Ӗ٠෭પԙѭվЏգ؈ҭԙؐ
АڽףǶȮǺÓ݋ѮӔ,ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ¸,٠෭પԙഉࢍై֪౉պ,¸٠
෭ࠅ, pp24 ,á2006.3.1Œâ
17) ય৵ঽ¾“ಣનӥƶգ؈௾঴ư૰ЏƭƗǒ”ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁಣ
ન૰Џڽ࢑Ӕ, ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁ,ಣનࠅৰଛ܏ภպ,ಣનࠅ, pp45 ,
á2006.3.18â
18) ય৵ঽ¾“ಣનӥƶգ؈௾঴ư૰ЏƭƗǒ”ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁर
ஔ੕ڽ࢑Ӕ, ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁ,रஔ੕ࠅ੒ݜǶȮǺÓ,रஔ੕ࠅ,
pp46 ,á2006.3.26â
(3)ԙӔದഒ௖
˄ंગ݋Ѯ
1) ય৵ঽ¾”ൖݜٸޥӳưƷ”ફŎӖ¸ǇǑƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡț๺ฯӥ½ಣ
નӥƶޙিǚǉƞƟƮÓൖݜٸޥӳưҜ૩ҠƳಳƎӥЏգ؈ƶ඄ҠƳƬƌƮÓ,NPO Ǉ
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Ǒƌ๺ฯ½ഩ૯ҳ,٠෭પԙܞԙ൉ഉࢍై֪౉պ,٠෭ࠅ,pp,1-6 , 175อ(2005.4.28)
2)ય৵ঽ¾”๺ฯӥ½ಣનӥƶ୫ࡐգ؈ƳƬƌƮ”ફ 14 Ӗգ؈क๺ฯӥ½ಣનӥ੒ݜഓ
ҤϸОӔWGದഒ ,գ؈क, ,௉׻,126 pp,(2005,6,16)
3)ય৵ঽ¾”ఝཚЏƶգ؈ӡਖ”൲঵ŌŒైஶ¸WAVE૰Џ܉໙Ӕ in٠෭ȌȈȤÓ,WAVE,
٠෭܉ୋǶȮǺÓ»٠෭ࠅ»32p,(2005.7.7)
4)ય৵ঽ¾” ๺ฯ½ಣનӥƶݗଫ௾঴ưӥվգ؈ƶ۔ी”ԙްҭ๋ 4ô2 ๺ฯӥ½ಣનӥ
ǚҭԙơǓ» ේޥưգ؈ǚ݂ƐǓØഩ૯ҳӥݗଫޥӳư๺ฯӥЂ඄Ø¸,٠෭પԙ, Ŕ
อ, 66 p (2005,7,13)
5)ય৵ঽ¾” ๺ฯӥƶ൝໊գ؈ƶ۔ीưӡਖƶࣕධᛉԙްҭ๋ 4ô2 ๺ฯӥ½ಣનӥǚҭ
ԙơǓØ,٠෭પԙ,9อ,94p,¸(2004,7,2)
6)ય৵ঽ¾“ൖݜٸޥӳưƷ”,(ࡡ)٠෭ۀ,੯໷০ڐڳ০ǮȮǰȦǺȮǿ؃ӔફŎӖأยඦ
ݥӔ֏ଳ݋Ѯ, (ࡡ)٠෭ۀ,੯໷০ڐڳ০ǮȮǰȦǺȮǿ؃Ӕ,٠෭ࠅ,ཉ൫ࢥ 1pô
8p,(2005.09.14)
7)ય৵ঽ¾ß๺ฯӥƶ୫ࡐգ؈ưޙি߉ƶࡑࠍࠟۊ”൫൉ҭԙक¸૰Џ݌ڼ௾ൿࠊѬࠧأ
íգ½ϋਮÖ๺ฯӥƶգ؈ඐਙ½࢑൑ưȑȦÓ½ǫȥÓȮǿÓȥǵțԩ঴ҠƶƧǉƶȈ
ǾȃȪÓǪܲૼî൲঵ 17 ైஶ٠෭પԙࠅภ܏Ӭ݋ޕí๺ฯӥ½ಣનӥǚҭԙơǓî,٠
෭ࠅȌȧǝ,٠෭ࠅ,22p»40อ,(2005,10,12)
8)ય৵ঽ¾ß๺ฯӥƶޙিǀܕƙƧ۔૰ࠟۊۂԙӔ”൫൉ҭԙकҭԙָࢾय़ؘଳষ೨¸ࢲ
຤Ӏભӕڡٸڽף¸٠෭ॠܶ¾գ؈ষ೮ਊӥ֮¾٠෭ॠܶ९঎໻૰܏ѥíՒԤƲƖƝਅ
۔૰ࡑथࠟۊ૰î¹í๝଺ƶ૴îáۂԙư֪౉ोޢâاอ҆௄ӥվí҄ƝƐীސࠟۊ૰î
ۂԙ,٠෭પԙય৵ڽףೀ,٠෭ࠅ,15p,105อ(2005¼10.22)
9)ય৵ঽ¾“๺ฯ½ಣનӥƶޙিǚǉƞƟƮ”٠෭½އӏ½ସ޽¸Ŏપԙݜ௬¸ફ 3Ӗ¸Ǉ
Ǒƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡț,٠෭ࠅ٠෭પԙഉࢍై֪౉պ, ѭվЏգ؈ҭԙؐАڽ
ףǶȮǺÓ,٠෭ࠅ,42p,175อ(2005,10,28-29)
10)ય৵ঽ¾ß٠෭પԙƶ๺ฯӥޙিƶࡑथࠟۊ” ๺ฯӥি൝ি੬գ؈ƶྩᘯٸޙিưࡑ
थࠟۊƳƓƓǓǲȮȘǳǡț,൫൉ҭԙָࢾय़ؘଳষ೨¸ࢲ຤Ӏભӕڡٸڽף๺ฯӥƶ
ޙিƳܕƙƮØݦ½ۀ½પԙƶࠟǇØ,٠෭પԙય৵ڽףೀ,٠෭પԙഉࢍై֪౉պ,¸٠
෭ࠅ,291อ,46p, (2005.11.18)
11)ય৵ঽ¾“գ؈ưේޥƳշơǓઓ߉ưƥƶධܕ” (ࡡ)٠෭ۀ੯໷০ڐ½ڳ০ǮȮǰȦ
ǺȮǿ؃Ӕָࢾ݋ѮӔ, (ࡡ)٠෭ۀ੯໷০ڐ½ڳ০ǮȮǰȦǺȮǿ؃Ӕ,٠෭ȁȦǰ,٠
෭ࠅ,(2006.1.27)
12)ય৵ঽ¾“๺ฯӥ½ಣનӥޙিưේޥưƶଳཋ”ફ 6 Ӗ٠෭પԙ௉׻ȧǣǹȮǥȐǞ
Ǵ½ǟȑȆȮǫǶȚȅÓ૰Џƶ࠺ਘưգ؈¸Ø๺ฯӥ½ಣનӥƶޙিưЄ࠮Ø,ݦ໔પ
ԙ඲ॶ٠෭પԙ ,ǨȞȮȋǴ½ǟȉȔÓǲȢȮǶȮǺÓ, ௉׻ற, 24p,(2006.3.8)
13) ય৵ঽ¾“๺ฯ½ಣનӥգ؈ޙিưේޥưƶଳཋ”ફ 4 Ӗ٠෭પԙѭվЏգ؈ҭԙؐ
АڽףǶȮǺÓ݋ѮӔ,ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ¸,٠෭પԙഉࢍై֪౉պ,¸٠
෭ࠅ,24p,á2006.3.1Œâ
14) ય৵ঽ¾“ಣનӥƶգ؈௾঴ư૰ЏƭƗǒ”ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁಣ
ન૰Џڽ࢑Ӕ, ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁ,ಣનࠅৰଛ܏ภպ,ಣનࠅ,45p,
á2006.3.18â
15) ય৵ঽ¾“ಣનӥƶգ؈௾঴ư૰ЏƭƗǒ”ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁर
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ஔ੕ڽ࢑Ӕ, ಣનӥෝ൉ѭվறࠅ૰Џ༫ځ਴੧Ӕׁ,रஔ੕ࠅ੒ݜǶȮǺÓ,रஔ੕ࠅ,
á2006.3.26â
˅Гೃ݋Ѯ
1)ཋ஡ޟ೵»ય৵¸ঽ»஡ଇګ༲»ॢ෭ڮઃགྷ»஬ඈ¸ঞ¾ßঝ૮ǲȚȠȧÓǲȢȮƳǐ
Ǔ๺ฯ½ಣનӥƶ໙௫ष௾঴ƳշơǓڽףà»൲঵ 17ైஶஷ้ԙӔ৅൉ࠊ൉ڽףದഒӔ
݋ѮӶ຤ࢥ»̀-2»(2006.3)
2)ܡ஡ฯࠃ»ય৵¸ঽ»ॢ෭ڮઃགྷ»੢஡໡ޛ¾à٠෭ܶí๝଺ƶ૴îƶ൝ࡐࣈգƳշơ
Ǔڽףß»൲঵ 17ైஶஷ้ԙӔ৅൉ࠊ൉ڽףದഒӔ݋ѮӶ຤ࢥ»̅-46» (2006.3)
3)ߤҟө໏ࠃ»ય৵¸ঽ»ॢ෭ڮઃགྷ»੢஡໡ޛ¾à٠෭ܶí๝଺ƶ૴îƶিઙڈದૄ֞
ܲƳշơǓڽףß»൲঵ 17ైஶஷ้ԙӔ৅൉ࠊ൉ڽףದഒӔ݋ѮӶ຤ࢥ»̅ -47»(2006.3)
4)ଲ๝Ӑധ»ય৵¸ঽ»ॢ෭ڮઃགྷ»੢஡໡ޛ¾àƲƖƝਅƶ਴঵ƳǐǓӥЏգ؈ƶӡਖ½
Ӗ൑ܑүƳƓǛơǓڽףß»൲঵ 17 ైஶஷ้ԙӔ৅൉ࠊ൉ڽףದഒӔ݋ѮӶ຤ࢥ»̅-
54» (2006.3)
½௾׳ीؒ
1) ൲঵ 7 ై»௾։൲ 7-346713»íǝÓǼ࠿ഷƕේౡ୨î»ય৵ঽ»௉ປڳ০Ե»ష෭»;
௾Ӭ൲ 9-158152
2) ൲঵ 17ై»௾׳։ફ 202395»íӥЏ୫ஂ਽ƶਗ਼૷חƻƥƶධ඲î»ય৵ঽઁ 3อ
¸
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൲঵ 17ైஶڽף঵үඦݥá૒ైஶڽף঵үâ
ڽףӀભอ¾¸঎ЏȝȆǺȥȮǫƶƧǉƶգ؈ȂÓǺƶঝ໊ӕ৖ư஢࠶ౡǚພƌ
¸¸¸¸¸¸¸Ƨڐ੯
ࣗੳ½ࠒอ¾¸ܞԙ൉գ؈ǲǴȁțܞԙҭ½ࣹ૴ݣฯ
1. ڽף๋இ½๋഍
(1) H15ైஶØ21ైஶƳƒƙǓ๋இ½๋഍
঎ےƓǑ๺ฯӥǆƯƶ໙ЏڰƳƒƙǓ঎໊ܲ੧ƶਙઑ੡ǚӕฯơǓưưǊƳ»঎Џգ؈
ǚܢЏஇƳȝȆǺȥȮǫƟ»ȂÓǺƶঝ໊ӕ৖ƳǐƫƮգ؈ƶ࠯յஇ½ِյஇ඄Ҡǚधެ
ƳฯǑƓƳơǓƛưƯ»঎Џգ؈Ƴы؜ǚחǄơ຤Пǚ௾୩ơǓºƛƶ๋இƶƧǉƳ»஢
࠶ౡǚພƌƧڐ੯ָࢾƯƊǓȥȝÓȃǶȮǲȮǫư૰࠶֡ô૰஢໙඲»ƒǐƻ࠯ِյ໹Џ
ƯƶȂÓǺƶ੏շܲ੧ǚ݂໣ƯƕǓ૰ע௚ڐԙǚஉພơǓº෭ڽףƷ࠰ƶ 3ƬƶఝຓƓǑ
ܲ঵ƝǔǓº
˄ȥȝÓȃǶȮǲȮǫƳǐǓܢЏ঎Џգ؈ƶ୩໷Ҡ඲ƶԏ໔
˅঎Џգ؈ȂÓǺƶ࠯ِյൟരƶȝȂȥȮǫ඲ƶԏ໔
ˆ૰࠶֡ô૰஢໙඲ƳǐǓৼ൉ƓǑ॥൉ƳࠛǓ঎໊ܲ੧ƶӕ৖඲ƶԏ໔
(2) H17ైஶƶ๋இ½๋഍
½ӥ฻ҜஶϱӱƳӥ঎ǌҲ৵঎ƶށ઼ஶ»ो൝ȒȤȮǪȃȮ໷ưƌƎનഒஇƲգ؈ПࠃƳ
଎๋Ɵ»ƥƶ࠯ِյൟരǚ LANDSAT Ӌ੡ǌ Terra/ASTER Ӌ੡ƳƒƙǓൖঝƶȋȮȄ
ȂÓǺƶં඄໷ӕ৖ƳǐƫƮଋࢽƯƕǓࡹ඲ǚ݂ϭơǓº
½ൖঝƶҸࣗƓǑՒԤ઒৘൝ǚǰȮȒȥȮǫƟ»ൟ܎ಶ࡜໓ưໞٻൟരƶ੯୩ǚڊ੶ơǓº
ƛǔƳǐƫƮൟ܎ಶ࡜໓ƓǑໞٻൟരǚ঍୩ơǓƶƳ๺ܑƲࡹ඲ǚ݂ϭơǓºǆƧ»ƛ
ƶࡹ඲ǚїসӋ੡ƳஉພƟ»Ӌ੡ƓǑໞٻƶܢЏൟര»ƒǐƻƥƶ࠯յஇ඄Ҡǚ঍୩Ư
ƕǓǐƎƳơǓº
½঎Ҝǌюຩѻ౔ஶƳѻൟ౔ஶƲƱƶઁƶ঎ࡐգ؈ȂÓǺǊҦƐƮӕ৖ǚॳǉǓº
½ ࠯ِյȂÓǺƶࡑۊǶȚȋȥǥǫȤțƓǑǶȚȋȥǥǫȤțȝȂȦǚ߁঵ơǓƧǉƶ
ࡹ඲ƳƬƌƮڸ௟ǚҦƐǓº
½঵ൟյƶ੏շ঴ǚ݂໣ƟƧં඄໷࠯ِյ૰ע௚ڐԙǚ୩࠿ҠƟ»ȂÓǺǀƶஉພƳǐƫ
Ʈ๺ܑ঴ǚڸथơǓº
½AMTưMT඲ƳǐǓƛǔǆƯƶ੯୩ȂÓǺǚधެƳӕ৖ơǓƛưƯ»ᒞຩЏƓǑ໙ࢽ
ЏǆƯƶ૰ҟ঎ڈƶਙઑ੡ǚฯǑƓƳơǓºƛǔƳӥ୫஢֡૖ލǚਭǇݜǗƣ»๺ฯӥ
୫Ƴ๼঎ơǓ૰ҟ঎ƶډ༲Ǌೝ୰ܨൟരƓǑ঍୩ơǓº
2. H17ైஶƶڽף঵ү
2. 1. ȥȝÓȃǶȮǲȮǫƳǐǓ๺ฯӥՒԤƶ૰ࡐஇൟ་
ȥȝÓȃǶȮǲȮǫƳǐƫƮ๺ฯӥƶ૰ࡐஇൟ་ǚ݉ƌ»كൟЏƶ࠯յஇ඄௫ǚฯǑƓ
ƳơǓƧǉƳ»ՒԤ઒৘൝ƶಶ࡜ǴȕǪȃȦƳ଎๋Ɵ»ՒԤ઒৘൝ƳઓƟƮൟ܎ಶ࡜໓੯
୩»ໞஶ੯୩»঵ൟൟ৖ǚ݉ƫƧºƛƶȂÓǺƳ֏ƭƌƮїসӋ੡ȂÓǺƓǑՒԤ઒৘൝
81
ƶໞஶൟര»঵ൟൟരǚ঍୩Ɵ»ՒԤ઒৘൝ƶൟ་ǚࠟǇƧº෭ڽףƯƷ»ಋ৵ҲܔƶЫ
վ੩½ދվ੩½۽ຎີӥվƶ 3 ҸࣗƯ»ӥվਅƓǑҐƳܕƓƫƮ 50Ø200 m յԗƯ 5Ø8
ҸࣗƓǑޡࡷƝǔƧڐ 166ۛƶࠟ໬ǚພƌƧº௻ǑǔƧࡶƲ঵үǚϱҟƳǆưǉǓº
(1)ՒԤࠟ໬ƶໞٻƶۑࣺƳಳƫƮಶ࡜໓Ɣ੢ҦơǓƛưƔฯǑƓưƲƫƧºƛǔƷ»ࠟ
໬ƶਙഒ฻Ưߧຽ؊ஶƔ੢ҦơǓƛưƳ֬ПơǓº
(2)ࠟ໬ƶࡍ࣎ीઙưՄੌीઙƶಶ࡜໓ƶ੯୩ڤүƓǑ»ࡍ࣎ीઙƶࠟ໬Ư 1.9 µm Ƴטࢌ
ƔۂǑǔƧºƛǔƷ»঎ƶൟࠃय़௫ƳǐƫƮ஢࠶ౡƔטࢌƝǔǓƛưƳǐǓºಶ࡜໓Ʒ
ՄੌीઙƯ੢ҦƟ»0.83»1.145, ƒǐƻ 2.25µm Ƴฯ໱ƲטࢌખƔ۔ǔƧºƛǔǑƶט
ࢌખƷ»ƥǔƦǔؼঢ়ӱư૜ౡସঢ়ӱЏƳսǆǔ»஑ǟǥȮư঎߱֏ƶ੻޲Ƴշ༫പƙ
ǑǔǓºƝǑƳ»Մੌीઙƶࠟ໬Ƴ 20, 40, 60 %ưս঎ƝƣǓƳƬǔƮ»Մੌीઙƶࠟ
໬ƓǑ঎ൟࠃƳ֬ПơǓ 1.9 µmƶטࢌƔ۔ǔ»0.83, 1.145ư 2.25 µmƶטࢌƔৼƗƲǒ»
ಶ࡜໓ǊۑࣺƟƧº
(3)0.83»1.145»2.215µm ƶטࢌખƔંƗƶࠟ໬ƶ੯୩ڤүƳۂǑǔƧƶƯ»஑ǟǥȮǌ঎
߱֏ǚսǈݐ൝ƔંƗսǆǔƮƌǓư঍୩ƯƕƧºǆƧ»ಶ࡜໓ȌǺÓȮƷ 3ƬƶǺǟ
ȒƳൟ་Ưƕ»ƛǔƓǑՒԤƷಋ৵»໻৵ƓǑфಹƝǔƧ઒৘൝ƳǐƫƮܲ঵ƝǔƮƌ
Ǔƛư»ಋ৵ư໻৵ƯƷфಹƝǔǓ൝ࡐƔЂƲǓƛưƔฯǑƓưƲƫƧº
(4)ҧࠜЏȂÓǺƶǇǚພƌƮ»ӥվƓǑҐƳܕƓƎӋ੡रƯਏવƟƧ ROIá֮ஶ૮Ɣ௬
Ơ໹ЏâǚȃȧÓȆȮǫȂÓǺưƟ»ޚ๏඲ƳǐǓؐࠆപƕൟ་ǚ݉ƫƧº1995 ై 6
ڧ 6షư 2000ై 9ڧ 7షƶӋ੡ȂÓǺƳઓơǓൟ་ڤүǚ Fig. 1 Ƴ࠷ơƔ»ƛǔǑƶ
؁ୋƶ௾ଦƷ»ಋ৵Ыվ»ދվ»໻৵Ҳܔư۽ຎີƳƥǔƦǔƳЂƲƫƧǫȦÓȒƔ۔
ǔƧ஝ƯƊǓºƛǔƷ»ՒԤƶ઒৘൝ǌƥƶीઙƔ»ǫȦÓȒյƯЂƲǓƛưǚϼฒƟ
ƮƌǓº2 Ƭƶൟ་Ӌ੡Ư௬Ơॐƶ൉ൟƷ»ǃǄ௬Ơ൲جಶ࡜໓ǚ࠷ơº(a)ƶӋ੡ƓǑ
ƷѭվƯՒԤƶൟരƔપƕƗܢƔǒ»ҐƳܕƓƫƮ඄ҠƟƮƌǓƛưƔԏీƯƕǓºƛ
ǔƷ»ಋ৵ư໻৵ƓǑƶ໙హǐǒǊӥ໙ƶܑүƔ؊ƌƛưƔ݂ƐǑǔǓºГධ»(b)ƶ
Ӌ੡ƓǑƷҲܔƯ઒৘൝ƔԉߧƟƮƌǓٲܕƔۂࢽƣǓºƝǑƳ»ՒԤࠟ໬ƶಶ࡜Ǵȕ
ǪȃȦƶǺǟȒưїসӋ੡ȂÓǺƶൟ་ƓǑ௻ǑǔƧǴȕǪȃȦƶ௾ଦƔ་ࠨơǓƛư
ƔԏƓǉǑǔƧºƛǔǐǒїসӋ੡ȂÓǺƓǑǊ»૰ࡐưໞஶൟരƶ་ࠨ঴Ƴ֏ƭƗՒ
ԤЏƶكൟƔҧౖƯƊǓƛưƔฯǑƓƳƲƫƧº
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Fig. 1. Classified images based on the tideland sediments using the LANDSAT TM data on (a) June
6, 1995 and (b) September 7, 2000.
2. 2. ঝ໊ȝȂȦ
I. ൷ޒ঴ӥЏգ؈ƶډై඄Ҡଋࢽǀƶં඄໷ô࠯ِյ૰ע௚ڐԙƶஉພ
൲঵ 16 ైஶƳСƕ੶ƕ»գ؈ȂÓǺƳ૰ע௚ڐԙǚஉພơǓƛưƯ»գ؈Ƴշ༫ơǓ
Пࠃƶِյൟരưډై඄ҠƳշơǓ௾ଦƶଋࢽǚࠟǇƧº๺ฯӥƶ 43 ৼӥ୩ਅଳލ૰஝
ƳƒƌƮ»1975Ø2000 ైƶյƳڧ 1 ӖƶԥݜƯ௻ǑǔƧӥ฻Ҝஶư 4 Ƭƶюຩѻ౔ஶƶ
ȂÓǺǚӕ৖ઓनưƟƧºਕైஶƷ૒඄໷ƳઓơǓ࠯ِյܲ੧ƶଋࢽ඲ư࠯ِյൟരȝȂ
ȥȮǫ඲ǚ୩࠿ҠƟƧƔ»෭ైஶƷƛǔǑǚં඄໷ƳԉତƟƧº
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conditionâưޚࣹ঍୩ൟߧऽڨáthe least estimation variance conditionâưƌƎ 2Ƭƶऽڨ
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ƛƛƯ»CƷ࠯ِյ໹ЏƯƶ؁ൟߧ»µƷȤǫȤȮǳȠƶณ୩୩ঝǚഒơº
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¸ં඄໷঍୩඲ƶুஶƳઓƟƮਙȂÓǺƳઓơǓǪȨǴԏీǚ݉ƫƧưƛǕ»ࡑ੯૮ư঍
୩૮ưƶ੏շٱঝƷ NO2-N¾0.79»NO3-N¾0.80»NH4-N¾0.70»PO4-P¾0.77 ƯƊǒ»ઈ
௓Ƴ঍୩ƯƕǓƛưƔԏƓǉǑǔƧºFig. 2 Ƴ NO2-N ư NO3-N ƶ 9 ڧƯƶ૒඄໷áইଇ
ƶ SKâưં඄໷áMCKâƶ࠯ِյൟരǚೝԔơǓºইरƶ 1978Ø2000Ʒհ੯ైǚഒơº
૒඄໷ƯƷڠ੯Ƴǐǒ঍୩ഩҧౖƶ໹ЏáইଇƶಋಫƕâƔ»඄໷յƶ੏շܲ੧ǚ݂໣Ɵ
Ʈં඄໷ƯƷ঍୩ƝǔƮƌǓƛưƔǗƓǓºǆƧ»ં඄໷ƶධƔ»юຩѻ౔ஶƶൟരƔൖ
ߙƯƊǒ»൲ԫҠܑүǚړۑƟƲƔǑؤࣗஇƲ౔ஶ඄ҠƔ۔ǔƮƌǓº
ƝǑƳ»ં඄໷঍୩඲ƶઈ௓঴ǚڸथơǓƧǉƳ»નഒஇƲ૰עհ੯їসƯƊǓ
Landsat–5 TM ƶҧࠜЏȂÓǺƶݜ঵໊ࣕƳǐǓӥॐư૒඄໷½ં඄໷ӕ৖ƳǐǓ NH4-N
౔ஶൟരưǚೝԔƟƧáFig. 3âº ઓनƷ 2000 ై 11 ڧƯƊǓºӥॐƷӥ঎ƶ௤ฯஶ»ۗ
ƌ՘ƐǔƸށ઼ஶƳշ༫Ɵ»୩֛հ੯஝Ưƶ NH4-N౔ஶưշ༫঴Ɣ؊ƌƛưƔǗƓƫƧº
ཚҁƳ଎๋ơǓư»৅൉ƶධƔ௤ฯஶƔݗƌº૒඄໷ƳǐǓ঍୩ൟരƯƷ௉൉ư৅൉Ʒƌ
ƢǔǊݗ౔ஶƯƊǓƔ»ં඄໷ƳǐǓưӥॐƶ௾ଦư௬ບƳݗ౔ஶƷ௉൉ƳۙǑǔǓºǐ
ƫƮ»ં඄໷঍୩඲ƶධƔ౔ஶൟരǚஉৡƳȝȂȦҠƯƕǓưƌƐǓº
II. ȊÓȄưǸȐȃȂÓǺƶǳȢǟȮȃӕ৖ƳǐǓઓन൝঴ƶِյൟര঍୩඲ƶӡ໴ôї
সӋ੡ǚພƌƧӥЏ঎ҜൟരȝȂȥȮǫǀƶஉພ༎ô
൲঵ 16ైஶƳСƕ੶ƕ»ȊÓȄưǸȐȃȂÓǺƶਭǇݜǗƣƳǐǓգ؈ƳշƟƮƶܢЏ඄ঝƶ
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Fig. 2. Estimated distributions of the concentrations of four nutritive salts over the Ariake Sea.
MCK and SK denote space-time models by multivariate standardized ordinary cokriging and
single variable ordinary kriging.
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Fig. 3. Comparison of (a) true color composite image of band 1 (blue), 2 (green), and 3 (red) data of
the Landsat–5 TM on November 10, 2000, with two estimation maps of the concentration of
NH4-N by (b) multivariate standardized ordinary cokriging and (c) single variable ordinary
kriging in November 2000. The turbidity of the sea water, shown by the unclearness of the
blue color, was found to have a correlation with the NH4-N concentration at the station.
ِյൟര঍୩ুஶƶܕर඲ƳƬƌƮڸ௟ƟƧºનഒஇƲǸȐȃȂÓǺƯƊǓȥȝÓȃǶȮ
ǲȮǫӋ੡ǚພƌ»๺ฯӥƯƶӥ฻Ҝஶư঎॥ධܕƶҜஶൟരƶ঍୩๓ભǚǬÓǴǴǺȂ
ǞƳਏǛƨº
հ੯షƶƢǔǌ঍୩ȝȂȦƶুஶഩੰƳ֬ПƟƮ»ԇ੯஝ƯƷӥ฻Ҝஶƶ঍୩૮ưࡑ੯
૮ưƷЂƲǓºƛƶ੏Њǚ඗়Ɵ»ِյȝȂȦƔࡑ੯૮ǚୋǓưƌƎऽڨപƕ঍୩Ƴ඄՘
ơǓƧǉƳ»LANDSAT TM ȋȮȄ 6 ȂÓǺǚࡷǒహǔƧં඄໷ӕ৖ƳǐǓӥ฻Ҝஶ঍୩
ൟര»ƒǐƻԇ੯஝Ưƶ঍୩૮ǌࡑ੯ȂÓǺǚພƌƧǥÓȂǞȅȥ½ǪȥǩȮǫƳǐǓൟ
രƶ 3ƬǚਭǇݜǗƣƧºǆƧ»ӥ฻Ҝஶƶࡑ੯ȂÓǺ»Ӌ੡ȂÓǺǚພƌƧ 120 mյԗ
ƶ঍୩૮ƳઓơǓ 2ࡾ་ƶǶȚȋȥǥǫȤțƳƷ»హǔࠃीܲ੧Ưƶ 2ƬƶȝȂȦ؈ӧƳ
੏௓ơǓȂÓǺյ״໐»1 ƬƶעȝȂȦƯؼࠨƯƕǓषݜƶȧȮǳ»ƒǐƻȂÓǺյ״໐
Ɣપƕƌೆ϶ƯƶǶȚȋȥǥǫȤțƶ೪ࢌ੮঴Ƴ་ࠨ஝ƔۂǑǔƧºƟƓƟ»ȂÓǺյ״
໐ƔࣹƝƌೆ϶ƯƷપƕƗ௾ଦƔЂƲǒ»੯஝౴૷ƳǐǒȊÓȄȂÓǺƓǑƷଋࢽƯƕƲ
ƌِյஇ੏շܲ੧Ɣ»ǸȐȃȂÓǺƳƷսǆǔǓƛưƔԏƓǉǑǔƧº
ӕ৖ڤүƶГ༎ưƟƮ»ԇӋ੡ࡷ௻షǚઓनưƟ»ԇ੯஝Ưƶࡑ੯ȂÓǺǚພƌƧǥÓ
ȂǞȅȥ½ǪȥǩȮǫáOKâƳǐǓӥ฻Ҝஶƶ঍୩ൟര(a)»їসӋ੡ȂÓǺƶં඄໷ӕ
৖Ƴ֏ƭƗ঍୩ൟര(b)»ԇ੯஝Ưƶ(b)ƳǐǓ঍୩૮ƶ OK ൟര(c)»ƒǐƻƛǔǑ 3 Ƭƶ
ൟരǚພƌƧऽڨപƕ঍୩ൟര(d)ǚ Fig. 4 ƯೝԔơǓºƛǔƓǑ(d)ƳǐǔƸҜஶƶൟര
ೆ϶ưِյஇ඄ҠƔ੢ҦƟ»ইଇƶռƯ϶ƫƧ൉ൟƶǐƎƳ»ؤࣗஇƳݗҜЏǌୢҜЏƔ
۔ǔǓƛưƔǗƓǓº
Fig. 4(d)Ƴ֏ƭƕ»ǆƢӥ฻Ҝஶƶ֥২඄Ҡƶ௾ଦǚଋࢽơǓº஼֥ƶ 2 ڧƷ๺ฯӥ఩
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৅૝ƶཚܔƶධƔҜஶƔݗƗ»ཚҁƳܕƙƮਗ࠰ୢҟơǓºࣂ֥ƶ 4ڧଇࣉǆƯƷ 2ڧư
௬ບƶٲܕƔ੶ƗƔ»ཚҁƶݗҜЏϱӱƶܢƌೆ϶ƯҜஶތƷࣹƝƗƲǓºƛǔϱݔ»4
ڧҟࣉƓǑ 6ڧƳƓƙƮƷ»ݗҜЏƔཚܔƓǑཚଇҀ௉੩á٠෭൲๝੩âƳЃ௫Ɵ»๺ฯ
ӥƶଇढ़ਅǚǃǄ؈ӧưƟƮ௉੩ƶݗҜЏư৅੩ƶୢҜЏưฯ໱Ƴ 2ƬƳൟƓǔǓٲܕƳ
ƊǓº7 ڧƓǑ 9 ڧƷ 2 ڧưגƶȌǺÓȮƯཚҁƶධƔҜஶƔݗƗƲǒ»ཚҁ௉੩ưưǊ
Ƴ৅੩ѭվЏƳǊݗҜЏƔ۔ǔǓº7ڧƷཚҁưཚܔưƶҜஶތƔ௾ƳપƕƗ»10°CؼƗ
ƳǊƲǓº11 ڧƳƲǓư 2 ڧư་ࠨƟƧҜஶൟരٲܕƳƲǒ»ཚܔƳݗҜЏƔܢƗ੻޲
ơǓº
࠰Ƴ»ӥ฻Ư»ࡑ੯ȂÓǺƶǪȥǩȮǫ૮ưर֪ƶऽڨപƕ঍୩૮ưƶތƔપƕƌ૰஝
Ʒ»঎॥ධܕƯǊપƕƌưƌƎҡ୩Ƴ֏ƭƕ»ƛƶތǚພƌƮԇ঎॥Ưƶࡑ੯૮Ƴ֏ƭƗ
ǪȥǩȮǫ঍୩ൟരǚ඗়ƟƧºƛǔǚ࢑় OKưङƟ»ֹࠨ 3࠰ی঎Ҝܲ੧ȝȂȦƔ௻
ǑǔǓǐƎƳƲƫƧºƛƶȝȂȦƳ֏ƭƗਙઓनషƶঋଽ૨฻ইǚ Fig. 5ƳഒƟ»๺ฯӥ
ਙઑƶ֥২඄ҠӕฯƶࡹԞƓǒưƟƧƌºӋ੡ࡷ௻షƷۙǑǔƮƌǓƶƯ»෭ӕ৖ƶǇƓ
Ǒ֥২඄ҠƶГೃҠƷƯƕƲƌƔ»ӶƵ࠰ƶ௾ଦƔۂࢽƝǔǓº
2 ڧƷ»๺ฯӥƶସࡃධܕƳƷਙઑஇƳ॥ஶƔ੢ơǃƱҜஶƔݗƗƲǒ»௾Ƴཚܔá఩
੩âƔݗҜƯƊǓºFig. 4ƶӥ฻ҜஶƳഒƝǔǓཚҁáෝ੩âƯƶୢҜЏƷ»঎॥ 0Ø10 m
ƶೆ϶Ƴۙ୩ƝǔǓƶƔǗƓǓº௉৅ධܕƳƷཚଇҀǃƱҜஶƔݗƗ»ǌǌ৅੩Ƴٲ࡟Ɵ
ƲƔǑ঎॥ධܕƳ༫੶঴ơǓº4 ڧଇࣉǆƯƷ੏ઓஇƲݗҜЏƷཚܔƳƊǒ»ƥƶϳ૷Ʒ
඄ǗǑƲƌºƟƓƟ»ݗҜЏϱෝƯ঎॥ධܕƶҜஶ඄ҠƔࣹƝƗƲǓ஝Ɣ 2ڧưЂƲǓº
௉৅ධܕƳƷ»2 ڧư௬ບƳ঎॥ධܕƳ༫੶঴Ɣ੻޲ơǓºƟƓƟ»2 ڧƷୢҜЏƯƊƫ
Ƨ٠෭൲๝੩ƔגƳݗҜЏƳ඄ǗǓºƥǔƓǑ 4 ڧҟࣉØ5 ڧǆƯƶ૜֛յƳ঎Ҝܲ੧Ʒ
પƕƗ඄ҠơǓºơƲǗƩ»ݗҜЏƔ঎൲ධܕƳಏƗڋƔǓǐƎƳƲǒ»ഒ਽പؼƶҜஶ
Ɣ੏ઓஇƳݗƗƲǓº5½6 ڧƳƷ»঎॥ 5 m പؼƔޚǊݗƌưƌƎؘฒ॥ƌൟരȌǺÓ
ȮƳƲǓº
֡ҜƔ௾Ƴݗƌ࠯֛Ƴ଎๋ơǓư»7½9 ڧƶȌǺÓȮƷ་ࠨƟƮƒǒ»ݗҜЏƷӥ฻
ؼƗƳࢥଇơǓºਕࢿƶǐƎƳ 7 ڧƷӥ฻Ҝஶƶ૰ЏތƔપƕƌƔ»ഒ਽ư঎॥ 30 m Ư
ƶҜஶތǊ 7°C ư௾Ƴપƕƌº8ڧƶȌǺÓȮƷ 7ڧưӶƵଳཋƟƮƌǓƔ»ҜஶƔ௾Ƴ
ݗƌ໹ЏƔཚҁư٠෭൲๝੩Ư໑ЏƳؼƌഒ਽ǀưЃ௫ơǓº7Ø9 ڧƳǗƧƫƮഒ਽ϱ
ӱƶҜஶ඄ҠƷࣹƝƗ»ӶƵ঎॥ƶ੢ҦưưǊƳҜஶƔୢҟơǓº1997ư 2000ైƯƶ 11
ڧƶ௾ଦƷ»ӥ฻ҜஶƳշƟƮƷ௬ບƯƊǓƳǊƓƓǗǑƢ»঎॥ධܕƯƷג஛ƟƮƌǓ
ƛưƔฯǑƓƯƊǓº๺ฯӥƳǊǣȦȆÓȆȢƶы؜ƔחǛƨ 1997 ైƷ 9 ڧƶٲܕƳؼ
ƌºƟƓƟ»ӥઠഩ߁ƔપƕƲࡡӔ๓ભưƲƫƧ 2000 ైƯƷ঎॥ 5 m ϱఝƶഒ਽ƷǃǄ
ГບƶୢҜЏƯƊǒ»ƛǔƔཚਙઑƳܢƔƫƮƌǓº
¸ϱरƶӥ฻ư঎॥ධܕƶڤүǚǆưǉǓư»঎Ҝܲ੧ƶ֥২඄ҠƶӶ໗Ʒ࠰ƶǐƎƳƲ
Ǔº֡ҜƔୢƌ࠯֛ƷཚܔƳ॥൉ǆƯݗҜЏƔൟരơǓưưǊƳ»঎॥ධܕƳҜஶƶ༫੶
঴Ɣ੻޲ơǓº֡Ҝƶ੢ҦƳƬǔƮ»ݗҜЏƔ঎൲ධܕƳ༫੶ơǓǐƎƳƲǒ»ഒ਽ධܕ
ƳЃ௫ơǓº֡ҜƔޚǊݗƌ࠯֛ƳƷݗҜЏƷࡶƳཚҁѭվЏƶഒ਽ƳࢥଇƟ»ƥǔ༎ӱ
ƶҜஶƷǃǄГ୩ƳƲǓº֡ҜƶୢҟධܕƶȂÓǺƷࣺƲƌƔ»र֪ưƷגƶډ༲ǚ૊Ǔ
ư঍ߒƯƕǓºƛƶǐƎƲ֥২඄Ҡǚࠊ౴ơǓ຤ПƷ֡Ҝǌݔ঎໷ƶǇƯƷƲƗ»௉ǲȅ
ӥƓǑ๺ฯӥƳహǒݳǈǫȨÓȋȦƲӥ໙»Ҳ৵঎ҜƲƱൖঝƯƊǕƎºƛǔǑư๺ฯӥ
ƶଫ໙ǌҜஶઓ໙ƶ੏۶߁ພƔ঎Ҝܲ੧ǚ߁Ǔư݂ƐǑǔǓº
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Fig. 4. Comparison of four sea surface temperature distributions constructed by (a) ordinary kriging
of the measurement data, (b) multivariate regression analysis using LANDSAT TM thermal
band data, (c) ordinary kriging of the estimated temperatures at the 43 stations in (b), and (d)
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combination of (a), (b), and (c). Circles denote the local high or low temperature zones of
which appearance demonstrates a merit of applying the satellite data to the spatial modeling.
2. 3. ൝໊૖ލ
I. ૰࠶֡Ô૰஢໙඲ƳǐǓ٠෭൲๝ƶ঎໊૰ࡐܲ੧ӕ৖
ϋਮӱ༃ߤ৅ཅƯᒞຩƝǔƧ૰ҟ঎Ʒ»٠෭ࠅƶෝ௉Ƴϳ૷ơǓ׃૴઩૰ҟƶ૰ҟ঎෰
ư»٠෭൲๝ƶǃǄଇҀƳϳ૷ơǓܳୄۧƳܕƙƮ 2ධܕƳ໙ǔǓƛưƔ঍୩ƝǔƮƌǓº
ƛƶ૰ҟ঎ƳઓƟƮƶৼ൉ƓǑ॥൉ƳࠛǓ঎໊૰ࡐܲ੧ǚฯǑƓƳơǓƧǉƳ»൲঵ 14
Ø16 ైஶƳƓƙƮϋਮӱ༃ߤ৅ཅƓǑ๺ฯӥѭվ൉ǆƯǚઓनೆ϶ưƟ»AMT ඲ư MT
඲ƶ൮ພƳǐǓ૰࠶֡ô૰஢໙૖ލǚࡑࠍƟƧº෭ైஶƷ੯୩ȂÓǺƶӕ৖ǚॳகƝƣƧº
ǆƢ»AMT ඲ư MT ඲Ƴǐǒ௻ǑǔƧۂƓƙೝ୰ܨǐǒ२ƶೝ୰ܨൟരǚמǉǓƧǉ
Ƴ»ԇ੯஝Ư঎൲ં਽ܲ੧ǚҡ୩ƟƧ 1 ࠰یǟȮȋÓǳȢȮӕ৖ǚ݉ƫƧºƛǔǚ 3 ࠰یޚஉ
Ҡۍ໊ƳǐƫƮ඗յơǓƛưƯ»3 ࠰یஇƲೝ୰ܨൟരǚ঍୩ƟƧºƥƶڤү»Fig. 6 Ƴ࠷ơǐƎƳ»1 km
ϳৼƳ 2 ڈ௚ƶ૰ҟ঎໙ǔƔ঍୩Ưƕ»ƛǔƷ૰ഒ฻ؼƗƯƶ૰ҟ঎ڈư௬ƠٲܕƯƊǓƛưƔฯǑƓƳƲ
ƫƧºǆƧ»഍ݗ-2000Ø -4000 m Ƴ॥਽૰ҟ঎ڈƔ੻޲Ɵ»ര஡৵૨਽ƶѩସ൉ƯપƕƗ඄ҠơǓ௾ଦƔ
ۂࢽƝǔƧºơƲǗƩ»૨਽Ɣ॥਽૰ҟ঎ڈƳы؜ǚחǄƟƮƌǓư݂ƐǑǔǓº
࠰Ƴ»MT ૖ލƷȉǟǵ௖ƶշ༫ƓǑ੯஝յԗƔ 1 km ϱरưƲǓƶƔୋऺƯƊǓƔ»ƛ
ƶǐƎƲਧƲൟരȂÓǺƓǑؤࣗஇ૰ࡐܲ੧ǚଋࢽơǓƧǉƳ»૰ע௚ڐԙஇǲȚȠȧÓ
ǲȢȮ඲ǚڸ௟ƟƧº෭ࡹ඲Ʒ»ۂԞƙೝ୰ܨȂÓǺƶِյஇƲ੏շܲ੧ǚഒơǶȚȋȥ
ǥǫȤțƳࢫƎǐƎƳ»ȝȂȦ૮ƶ࢑়ǚऑƕచƟ඲ƳǐƫƮ݉Ǝºƥƶް»ࢍౡঝƶ඄
ҠƳઓơǓȝȂȦƶ༫੶঴ƔܕरƝƣǓƧǉƳܩ੮ऽڨǚҦƐƧºFig. 7 Ƴ»૰ע௚ڐԙ
இǲȚȠȧÓǲȢȮƳǐƫƮۂԞƙೝ୰ܨൟരǚࢍౡঝƜưƳ߁঵Ɵ»ƛƶǟȮȋÓǳȢ
ȮƳǐǓೝ୰ܨൟര(a)»ƒǐƻर֪ư௬ບƳԇ੯஝Ưƶ 1 ࠰یǟȮȋÓǳȢȮưƥƶ඗
յƳǐǓೝ୰ܨൟര(b)ǚ௬Гƶ௉৅૨฻ƯೝԔơǓºര஡৵૨਽ǌಋ৵ƶҟ൉ƳۂǑǔ
ǓǐƎƳ»ೝ୰ܨȝȂȦ(a)ƷؤࣗஇƲೝ୰ܨЂऺǚഒƟƮƒǒ»૨਽౤ިખƶ൒ƶӄव
Ʋۂ৘ǚේƌƯƌǓº׃૴઩૰ҟ൉Ưƶୢೝ୰ܨખƶൟരƔȝȂȦ(a)ƳƒƌƮƷǐǒۉ
ଙƯƊǓƶƯ»ƛƶ઩૰Ɣ૰ҟ঎ଚໜƶƧǉƳࢲ຤ƯƊǓƛưƔԏƓǉǑǔǓºƝǑƳ»
ƛƶ઩૰ƶ 2 km॥ஶƓǑര஡৵૨਽ƳܕƙƮ»100 _·mϱҟƶؔƗƮ૮Ɣୢƌೝ୰ܨખƶ
༫੶঴ƔۂࢽƣǓºƛǔƷஂࡐ»ƊǓƌƷંܛࡐƶփৗƶൟരǚഒƟƮƌǓư݂ƐǑǔǓº
ϱरǐǒ෭ڽףƯ୲ϭƟƧ૰ע௚ڐԙஇǲȚȠȧÓǲȢȮ඲Ʒ๺ܑƯƊǓưƌƐǓº
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Fig. 5. Vertical cross-sections of pseudo-3D water temperature model along the center line of the
Ariake Sea and E-W. Downward arrows denote the intersection points of the two cross-
sections.
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II. э݇ٸೝ୰ܨ඲ƳǐǓ๺ฯӥƶӥ୫૰ࡐଳލ
٠෭൲๝ƶ૰ҟ঎ƶГ൉Ʒ๺ฯӥƶӥ୫ƓǑ๼ࢽƟƮƌǓƔ»๼ࢽډ༲ǌƥǔư૰ࡐൟ
ര½ܲ੧ƶշٱƷഩฯƯƊǓºƥƛƯ»๺ฯӥƶӥ୫ৼ൉ƶ૰ࡐƶࡾ་ưܲ੧ǚౝϕơǓ
ƧǉƳ»э݇ٸӥ୫஢֡૖ލ඲Ƴǐǒ॥ஶ 50 m ǆƯƶೝ୰ܨൟരǚฯǑƓƳƟƧºƛǔ
Ʒ»ॶܞஇƳ஢໙ǚ໙Ɵ»૰ҟƶೝ୰ܨൟരǚמǉǓ஢֡૖ލೝ୰ܨ඲ƶ 1ƬƯƊǓº੯
ਅƷ 4෭০ƙ»੒ѩସƷ 14 kmƯƊǓº
¸ਙƮƶ੯ਅƯ»ഒ਽๢ 2, 3 mƶ॥ஶೆ϶Ư௬ບƶೝ୰ܨ૮ƶ඄ҠƔ۔ǔƧºƛƶୢೝ
୰ܨ૮ǚ࠷ơ൉ൟƷǲȦȃࡐ»ƥƶर൉ƶೝ୰ܨ૮ƔࣺƟݗƗƲǓ൉ൟƷސࡐƶՒԤƯƊ
Ǔư݂ƐǑǔǓºЬஷವ௄ؼƗƶ੯ਅƯƷ়૨਽ƶ௾ଦǚ࠷ơೝ୰ܨƶ඄ϳƔ۔ǔƧºƛ
ǔƷरๅ஡૨਽ƶѩସਅरƳƊǓƧǉ»շ༫Ɣ঍੯ƯƕǓºǆƧ»٠෭൲๝ưƶ༫੶঴Ɠ
Ǒ»๺ฯ్ஷ਽ƶൟരٺઙư෵෨ૌƶ੻޲Ɣೝ୰ܨൟരƳ۔ǔƧºƛƶ෵෨ૌƔ૰ҟ঎ƶ
๼঎ډ༲ưƲƫƮƌǓҧౖ঴ƔݗƌƛưƔǗƓƫƧº
3. ঵үƶૄ঵ஶ
¸3ƬƶǰȑȁÓșưǊƳ൲঵ 16ైஶƶ๓ભ஝ƳઓࣕƟ»ॠƧƲࡹ඲ǚ୲ϭơǓưưǊ
Ƴ»ઈ௓Ʋӕ৖ڤүǌ੯୩ȂÓǺǚ੢ǌơƛưƔƯƕƧºӥ୫஢֡૖ލưƌƎష෭ƯƷࡑ
ࠍ༎ƔئۙǑǔƮƌǓॠƧƲڐ੯ධ඲ƳƬƌƮǊஉພƯƕ»ੱඦஇƯƊǓƔؘฒ॥ƌڤү
Ɣ௻ǑǔƧºƛǔǑƶհ஝ƓǑƷ»ਕࢿƶ൲঵ 17ైஶƶ๋இ½๋഍ƳշƟƮǃǄૄ঵Ư
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ƕƧư݂ƐǓºƟƓƟƲƔǑ»ӥ฻Ҝஶϱӱƶգ؈ПࠃƳ଎๋ƟƧїসӋ੡ӕ৖»ՒԤࠟ
໬ƶಶ࡜ǴȕǪȃȦƶ௾ଦǚিƠƝƣƧݐ൝ਭ঵ƳշƟƮƷഩࢪൟƯƊǒ»࠰ైஶǀƶڊ
੶ӀભưƲƫƧº
4.¸H18ైஶƶ๋இ½๋഍
4. 1. їসȥȝÓȃǶȮǲȮǫ
½ӥ฻ҜஶϱӱƳӥ঎ǌҲ৵঎ƶށ઼ஶ»ो൝ȒȤȮǪȃȮ໷ưƌƎનഒஇƲգ؈ПࠃƳ
଎๋Ɵ»ƥƶ࠯ِյൟരǚ LANDSAT Ӌ੡ǌ Terra/ASTER Ӌ੡ƳƒƙǓൖঝƶȋȮȄ
ȂÓǺƶં඄໷ӕ৖ƳǐƫƮଋࢽƯƕǓࡹ඲ǚ݂ϭơǓº
½ՒԤࠟ໬ƶಶ࡜ǴȕǪȃȦ੯୩ƓǑ௻ǑǔƧનഒஇƲ 3ƬƶȌǺÓȮƳઓơǓݐ൝ਭ঵
ǚฯǑƓƳơǓº
4. 2. ঝ໊ȝȂȦ
½঎Ҝǌюຩѻ౔ஶƳѻൟ౔ஶƲƱƶઁƶ঎ࡐգ؈ȂÓǺǊҦƐ»3 ࠰یஇƲգ؈ȂÓǺ
ƶ࠯ِյȝȂȦ߁঵»ƒǐƻգ؈඄ҠПࠃƶଋࢽǚॳகƝƣǓº
4. 3. ૰࠶֡ô૰஢໙ڐ੯
½MT඲Ƴǐǒ»٠෭൲๝ࢍඈƶ૰ҟܲ੧঍୩ǚॳǉ»ᒞຩЏƓǑ໙ࢽЏǆƯƶ૰ҟ঎ڈ
ƶਙઑ੡ǚฯǑƓƳơǓºƝǑƳ»ӥ୫஢֡૖ލƶ੯ਅǚୈҦƟ»๺ฯӥ୫Ƴ๼঎ơǓ
૰ҟ঎ƶډ༲ǚೝ୰ܨൟരƓǑधެƳ঍୩ơǓº
5.¸H17ైஶƶڽף೨ࡷ௻ीؒ
½֒ൂؽ¾ภյ֊أǐǒڐ 3,800ৰѤ
½؁௬ڽף೨¾ݦ໔ئ૰ڽ½׻றપԙේޥڽ»ڐ 250ৰѤ
½ష෭ۍࠃ໺ڽףӬದ֞ܲ৯݉֏ਨܞԙڽף¾ޡવá൲঵ 18ై 3ڧâ»3,000ৰѤ
½(޵)ష෭ݐأय़ؘӔࠟۊڽף¾ޡવá൲঵ 18ై 3ڧâ»700ৰѤ
½ҭԙڽף೨¸֏೎ڽף B(2)¾०ৈଇ
6. H17ైஶƶڽףದഒ¹௾׳ीؒ
(1) ۍଙཉ൫ƳǐǓದഒ
½ݦఝࠠáཋ൫â
෴ोה߼½ࣹ૴ݣฯ½ׅя ஍½ݗ਷ॖГ (2005) MT ඲ƳǐǓϋਮߤҳܔ৅੩Џƶ૰ేଚ
ໜ਽ȝȂȥȮǫ, ష෭૰ేԙӔࠠ, vol. 27, no. 2, pp. 131-148.
஡੿Ϥࠃ½ࣹ૴ݣฯ½໘ ࣂԙ (2006) ȊÓȄưǸȐȃȂÓǺƶǳȢǟȮȃӕ৖ƳǐǓઓ
न൝঴ƶِյൟര঍୩඲ƶӡ໴ôїসӋ੡ǚພƌƧӥЏ঎ҜൟരȝȂȥȮǫǀƶஉ
ພ༎ô, ऻඦ૰ࡐ, vol. 17, no. 1, pp. 27-40.
½ݦްࠠá҇൫â
Asaue, H., Koike, K., Yoshinaga, T., and Takakura, S. (2006) Magnetotelluric Resistivity Modeling
for 3D characterizing the Geothermal Reservoirs in the Western Side of Mt. Aso, SW Japan,
Journal of Applied Geophysics, vol. 58, no. 4, pp. 296-312 (doi:10.1016/j.jappgeo. ¸¸¸
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2005.05.006).
Koike, K. and Ichikawa, Y. (2006) Spatial Correlation Structures of Fracture Systems for
Identifying a Scaling Law and Modeling Fracture Distributions, Computers & Geosciences,
vol. 32 (in press) (doi:10.1016/j.cageo.2006.02.013).
Koike, K. and Matsuda, S. (2006) New Indices for Characterizing Spatial Models of Ore Deposits
by the Use of a Sensitivity Vector and Influence Factor, Mathematical Geology, vol. 38, no.
5 (in press).
Maoud, A. and Koike, K. (2006) Arid Land Salinazation Detected by Remotely Sensed Land-Cover
Change: A Case Study in Siwa Region, NW Egypt, Journal of Arid Environments, vol. 66,
no. 1, pp. 151-167 (doi:10.1016/j.jaridenv.2005.10.011).
Maoud, A. and Koike, K. (2006) Tectonic Architecture through LANDSAT-7 ETM+/SRTM DEM-
Derived Lineaments and Relationship to the Hydrogeologic Setting in Siwa Region, NW
Egypt, Journal of African Earth Sciences (in press).
Nara, Y., Koike, K., Yoneda, T, and Kaneko, K. (2006) Relation between subcritical crack growth
behavior and crack paths in granite, International Journal of Rock Mechanics and Mining
Sciences (in press).
Koike, K., Yoshinaga, T., and Kurihara, Y. (2005) Volcanic Gas Chemistry for Estimating Temporal
Changes of Temperature and Pressure in Geothermal Reservoir, Proc. World Geothermal
Congress 2005, Antalya, Turkey, CD-ROM press.
Teng, Y. and Koike, K. (2005) Synthetic 3D Imaging of Geothermal System Using Well-Logging
Data Set, Proc. World Geothermal Congress 2005, Antalya, Turkey, CD-ROM press.
Moukana, J. A., Masoud, A., and Koike, K. (2005) Geostatistical Analysis of Fluctuations in the
Groundwater Levels by Considering Land-cover Changes, Proc. IAMG’05: GIS and Spatial
Analysis, Toronto, Canada, vol. 1, pp. 111-116.
Koike, K. and Asaue, H. (2005) Spatial Modeling of Magnetotelluric Resistivity for Detecting Deep
Hydrogeologic Structures, Proc. IAMG’05: GIS and Spatial Analysis, Toronto, Canada, vol.
1, p. 171-176.
Masoud, A. and Koike, K. (2005) Remote Sensing and GIS Integration for Groundwater Potential
Mapping in Sinai Peninsula, Egypt, Proc. IAMG’05: GIS and Spatial Analysis, Toronto,
Canada, vol. 1, pp. 440-445.
Liu, C. and Koike, K (2005) Multivariate Space-time Geostatistical Modeling of Nutritive Salts in a
Closed Sea Environment, Proc. IAMG’05: GIS and Spatial Analysis, Toronto, Canada, vol.
2, pp. 710-715.
Heriawan, M. N. and Koike, K. (2005) Multivariate Geostatistical Estimation of Coal Quality in a
Multilayered Deposit, Proc. IAMG’05: GIS and Spatial Analysis, Toronto, Canada, vol. 2,
pp. 1052-1058.
Sanga, T. and Koike, K. (2005) A New Lineament Extraction Method by Considering Topographic
Features and Spatial Correlations, Proc. 3rd International Workshop on Earth Science and
Technology, Fukuoka, Japan, pp. 495-502.
Heriawan, M. N. and Koike, K. (2005) Geostatistical Estimation and Simulation for Uncertainty
Assessment of Coal Resources, Proc. 3rd International Workshop on Earth Science and
Technology, Fukuoka, Japan, pp. 267-274.
Tamura, A, Nakatsuru, T., Koike, K., and Yamada, F. (2005) Remotely Sensed Space-Time Changes
of Sea Environments Using Reflectance Spectra of Surface Materials, Proc. 3rd
International Workshop on Earth Science and Technology, Fukuoka, Japan, pp. 425-432.
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(2) ۍଙཉ൫ϱӱƳǐǓದഒ
෴ोה߼½ࣹ૴ݣฯ (2005) ૰ע௚ڐԙƳǐǓೝ୰ܨൟരȝȂȦƶِյൟӕౖܕर, ऻඦ
૰ࡐ, vol. 16, no. 2, pp. 70-71.
Heriawan, M. N. and Koike, K. (2005) Ordinary and factorial cokriging for multivariable analysis
in coal exploration data, ऻඦ૰ࡐ, vol. 16, no. 2, pp. 78-79.
ࣹ૴ݣฯ½෴ोה߼½ׅя ஍½ݗ਷ॖГ (2005) ҳߤǧǴ½MT ೝ୰ܨ½૰ࡐȂÓǺƶ௚
ݜƳǐǓ૰ేଚໜ਽ǨȞȤǪȤȥǷÓǲȢȮ, ऻඦ૰ࡐ, vol. 16, no. 2, pp. 92-93.
ۜЬ஡໧Г½ࣹ૴ݣฯ½ो้ࣀฯ½Ѝܔ ໟ½৵ಡપ߁ (2005) ॠԤଇѠ૰ॵƳಳƎ૰ᩊ
ǒ૰ЏƶїসӋ੡ƳǐǓ૰ࡐܲ੧ӕ৖, ऻඦ૰ࡐ, vol. 16, no. 2, pp. 94-95.
Liu, C. and Koike, K. (2005) Multivariate space-time geostatistical modeling with a case study of
environmental data in Ariake Sea, ऻඦ૰ࡐ, vol. 16, no. 2, pp. 98-99.
Masoud, A. and Koike, K. (2005) Integrated Analysis of LANDSAT-7 Imagery, SRTM DEM, and
Precipitation Information for Groundwater Potential Mapping in Sinai Peninsula, Egypt, ऻ
ඦ૰ࡐ, vol. 16, no. 2, pp. 100-101.
Moukana, J. A., Masoud, A., and Koike, K. (2005) Time series analysis of groundwater decreases in
urban area using vegetation indexes and geostatistics, ऻඦ૰ࡐ, vol. 16, no. 2, pp. 106-
107.
(3) ԙӔದഒ
෴ोה߼½ׅя ஍½ࣹ૴ݣฯ½ݗ਷ॖГ (2005) ૰࠶֡ô૰஢໙඲ƳǐǓ٠෭൲๝ƶ঎
໊૰ࡐܲ੧ȝȂȥȮǫ, ࠢے½ਬ޳ԙӔـ࢐ࠊ൉൲঵ 17ైࣂ֥༎Ӕ݋Ѯ຤ࠎࢥ, pp.
23-25.
Гȉবຨӓ½ׅя ஍½ࣹ૴ݣฯ (2005) ૨਽ખഒ਽Ưƶද࡜঴ԌࡾൟരưȤȄȮǧǴ౔
ஶưƶշٱ, ࠢے½ਬ޳ԙӔـ࢐ࠊ൉൲঵ 17ైࣂ֥༎Ӕ݋Ѯ຤ࠎࢥ, pp. 26-28.
ࣹ໾฿࢈½પ਷ ಇ½ࣹ૴ݣฯ½પ੿ ৆½ؑ෭ ԙ (2005) їসைޯݜ঵ӬܔȧÓǻÓư
܎ԙǶȮǰǚພƌƧـ࢐૰Џƶԩҳߤࢍඈƶ૰ԍ඄௫ڸࢽ, ష෭ҳߤԙӔ࢖֥પӔ.
પ੿ ৆½ࣹ૴ݣฯ½ᓥૌཋງ½ஷЍܵГགྷ½ߤ౐ܔ ث (2005) їসைޯ SAR ȂÓǺƳ
ǐǓ఩ئǮÓǿȤȮȄƶ૰ٺƶӕ৖, ફ 25 ӖئЏ૰ԙǲȮȘǳǡț݋Ѯ຤ࠎ, pp.
54-55.
ࣹ໾฿࢈½પ਷ ಇ½ࣹ૴ݣฯ½પ੿ ৆½ؑ෭ ԙ½પהඐ࢑൲ (2005) ENVISAT їসƶ
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ڽףӀભอ¾¸֔ಏ๺ӳǟǥȮƯѽ৾ƝǔƧ঎ƶݗੱिҠǚ๋இưƟƧਆЄीט
ଆޱƶӬದƳշơǓڽף
ࣗੳ½ࠒอ¾ܞԙ൉½श¸इஒ
&#ڽף๋இ½๋഍
=&*ైஶØ'&ైஶƳƒƙǓ๋இ½๋഍
¸ॶյƶԩ௫Ʒ૰ഒ঎áҲ৵¹ۧऍ¹૰ҟ঎ƲǑƻƳӥ঎âƶࢲؽੳǟǥȮƳǐǓѽ৾๓
ભǚ֬ƛƟƮƕƧºǆƧ¹ޚؼ¹ஔਘ຀ີƶȖǡਬƲǑƻƳȍਬƶ߱ਬ߱ǟǥȮƳǐǓ঎
ࡐѽ৾Ǌ଎๋ƝǔǓǐƎƳƲƫƧºƧưƐƸ¹ǧȮǳǴȂȦǺ૰ЏƯƷ¹૰ҟ঎ƶȍਬѽ
৾ƳǐǓ߼रޚપ֩฾ƶฎ঴ȍਬଇంƔڵ౉ƝǔƮƌǓºǆƧ¹'%ফ֧ۼವƓǑࡶƳӬದ
ரरݦƳƒƌƮॶܔƔࠉঝշঝஇƳ੢ҦƟƮƌǓƔ¹ƛƶॶܔ੢ҦƳಳƎౙܞݐأি߫ƶ
ԉપƳǐǒ¹'%(%ైݵƳƷ૰ע֩฾Ưƶ঎ഩੰƔ֬ƛǓǊƶưຊ੯ƝǔƮƌǓºࢫƫƮ¹
঎ଇƶ֔ಏ๺ӳǟǥȮǚݗਏવஇƓƬݗੱஶƯࣩ׫ơǓטଆޱƶӬದƷئǉƮࢲ຤ƲӀભ
ƯƊǓº۔޲¹֔ಏƲ๺ӳǟǥȮƯѽ৾ƝǔƧ঎ƶिҠƳƒƌƮໞीƶǟǥȮ܉՘࢈ࠚƲ
ǑƻƳǨȧÓȃ࢈ࠚƔ߹ພƝǔƮƌǓƔ¹ƛǔǑƶໞीטଆޱƶޚપƶ૜ࣗƷטଆੱஶƯ
ૺƌƛưƯƊǓº෭ڽףƷ¹טଆੱஶƔࢫີƶ࢈ࠚǐǒԋ૫ƳঀੱƲǟǥȮטଆ঴ਆЄǚ
ӬದơǓƛưǚ๋இưƟƮƌǓº
=&,ైஶƶ๋இ½๋഍
=16ైஶƳ¹܉՘ઑȋȦǪ੏Ɣݗ९঎঴ƯફГǝȚȉ֏ǚ๺ơǓЧǟǥȮ܉՘ਆЄáܲ
੧Ʒދইߣओ¹໗ङ;K6âǚݜ঵Ɵ¹ȒȨȃȮཋƟƧ;K6ƶȥȮ߱ƲǑƻƳȍ߱ƶЧǟǥȮ
ࡾƳઓơǓਏવ঴ƲǑƻƳǦȤț඲ƒƙǓ֏ਨஇטଆ௾঴ǚഓҤƟƮ¹ȒȨȃȮཋ;K6Ɣ
ѻҠ൝ǟǥȮǌໝ߱ǟǥȮƶ؁੻ҟƯǊȍ߱ưȥȮ߱ƶ
ЧǟǥȮࡾǚטଆҧౖƯƊǓƛưǚ࠷ƟƧº
=&,ైஶƷǦȤț඲ƳƒƙǓטଆ௾঴ǚƝǑƳधެƳ
ڸ௟ơǓƛưǚ๋இưƟ¹ǦȤț඲ƳƒƙǓȍ߱ǟǥȮ
ƶטଆ໷ƳחǄơȍ߱ǟǥȮ౔ஶ!ୋњੱஶƲǑƻƳ؁
੻ǟǥȮƲƱƶы؜ǚڸ௟ƟƧº
'#൲঵Ō,ైஶƶڽף঵ү
˄ ȍ߱ǟǥȮࡾטଆƳƒƙǓ׼רњଇƶȍ߱ѻ౔ஶƶ
ы؜
FVA ƶǦȤț඲ƳƒƙǓȍ߱ѻטଆ໷ƶ׼רњଇƶȍ
߱ѻ౔ஶϴ੻঴ǚڸ௟ƟƧºڤүǚ Fig. Ōƒǐƻ Table
ŌƳ࠷ơºƛƛƯ¹SV (ِյੱஶ¹Space velocity)ưƷ
Fig. 1 Effect of arsenate concentration in
feed on columnar adsorption of arsenate.
Ē 10 mM, ė 2.5 mM, ę 0.63 mM, ĕ
0.15 mM.
Conditions¾Column 1.7 mL of wet FVA
(0.4 g in dry). Feed¸10 mM - 0.15 mM
As(̃), pH 7.¸Flow rate 30 h-1 in sSV.
0
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Table 1 Effect of concentration of arsenate in feed on the adsorption of As (_) by FVA
9.9 mM 2.5 M 0.7 mM 0.17 mMConcentration of As(V) in feed 743 ppm 190 ppm 52.2 ppm 13.0 ppm
pH of feed 7.0 7.0 7.0 7.0
pH of effluents after washing 5.2 4.1 4.2 4.2
Recovery [%] 95.6 98.9 102 109
5 % Breakthrough point [mL/mL-F]* 22.8 38.2 165 448
5 % Breakthrough capacity [mmol/g-F] 0.949 0.407 0.483 0.326
* 5% breakthrough point is defined as the feed volume corresponding to C/C0 =
0.05. Flow rate of feed was 30 h-1 in SV.
1 ࠯յƊƧǒƳǦȤțఝƶטଆޱઑ৘ƶҢ౵ƶຜњǚୋњƟƧƓǚ࠷ơºC/C0Ʒ¹ǦȤț
໙ࢽњଇƶؽੳǟǥȮ౔ஶ(C)ǚ׼רњଇƶȍਬ౔ஶ(Co)ƯࣩƟƧ૮ǚ࠷ơº෭ڽףƯƷ
C/C0=0.05ưƲǓ஝¹ơƲǗƩ 5 %༼ࢽ஝(5 % Breakthrough point)ư¹ƛƶ஝ǆƯƶטଆ໷
ơƲǗƩ 5 % ༼ࢽຓ໷(5 % Breakthrough capacity)ǚמǉƧº
Fig. 1ƲǑƻƳ Table 1ƶڤүǐǒ¹׼רњƶ౔ஶƔ֔ಏƳƲǓǃƱ༼ࢽ஝ƔપƕƗƲǓº
Гධ¹༼ࢽຓ໷ƷۑࣺƟƧºƛǔƷ׼רњ౔ஶƔ౔ܓƳƲǓǃƱ 5%༼ࢽ஝ƶ৫ઓ౔ஶƔ
ݗƗƲǓƧǉƯƊǓºƬǆǒ¹C = 0.05C0ƶշٱǐǒ׼רњ౔ஶƔݗƗƲǓưưǊƳ¹༼
ࢽ஝ƳƒƙǓ໙ࢽњଇƶ഍இǟǥȮ౔ஶƔǐǒݗ౔ஶưƲǓºƧưƐƸ¹C0= 0.01 Mƶư
ƕƷ༼ࢽ஝Ʒ C = 0.0005 MƳઓ҃ơǓ஝ǆƯƶ׼רњઑ৘ưƲǓºГධ¹C0 = 0.001 Mƶ
ưƕ༼ࢽ஝Ʒ C = 0.00005 MƳઓ҃ơǓઑ৘ưƲǓºƟƧƔƫƮ¹༼ࢽ஝ǚڡ୩ơǓ৫ઓ
౔ஶƷ Co ƔୢƌǃƱୢƗƲǒ¹༼ࢽ஝ƔǐǒࣹƝƗ಴୩ƝǔǓºƟƧƔƫƮ¹༼ࢽຓ໷
Ʒ CoƔୢƌǃƱୢƗƲǓº
טଆƝǔƧȍ߱ǟǥȮƶຜ໐Ʒ¹ȍ߱ƶ pKa1 _ 2ƯƊǓƶƯȍ߱ƶЧǟǥȮࡾƔ pH 0 (1
M ƶ؊߱঎ຜњ)Ư஢֡இଇ঴ࡾƳƲǒǟǥȮ܉՘ઑƓǑ໐ેơǓƛưƳଆ๋ƟƮຜ໐Ʒ
ޙিǚǊƓƵƮ 1 M ѻ߱Ư݉ƫƧº
FNH3(H2AsO4) + HCl _ FNH3Cl + H3AsO4
(FNH3)2(HAsO4) + 2HCl _ 2FNH3Cl + H3AsO4
֛ગƟƧୋǒ¹טଆƝǔƧȍ߱ƶЧǟǥȮࡾƔ 1 M ѻ߱Ƴ
ǐǒ୩໷இƳຜ໐ƯƕƧºƝǑƳ¹ƛƶਆЄƷ٤ǒඉƟ໅ພ
ƟƮǊטଆౖƔۑࣺƟƲƌƛưƓǑ¹ઔה঴ƳǊ๲ǔƮƌǓ
ƛưƔԏీƝǔƧº
˅ FVAƳǐǓȍ߱ЧǟǥȮטଆƳƒƙǓ׼רњƶୋњੱஶ
ƶы؜
ફГǝȚȮٸЧǟǥȮ܉՘ਆЄFVAƶȍ߱ЧǟǥȮࡾƶט
ଆੱஶƳշơǓ૯ۂǚ௻ǓƧǉ¹ǦȤț඲Ƴǐǒୋњੱஶϴ
੻঴ǚೝԔƟƧº׼רњƶୋњੱஶǚ30, 100, 200 h-1ư඄ҠƝ
ƣƮȍ߱ǟǥȮࡾƶטଆװ௫ǚڸ௟ƟƧºڤүǚFig. 2ƒǐƻ
Table 2Ƴ࠷ơºFig. 2ƶ༼ࢽإਅǚೝԔơǓư¹ȍ߱ЧǟǥȮࡾƶ༼ࢽإਅƳƒƌƮƷ¹
ୋњੱஶǚSV 30 h-1ƓǑSV 200 h-1ǆƯ੢પƝƣƮƌƗư༼ࢽ஝ƔۑࣺƟƮƌǓƔ¹SV 200
h-1ƯǊ༼ࢽ஝ƷࢪൟપƕƗFVAƷȍਬƶטଆƳ໴ܚƳౖ֞ƟƮƌǓưƌƐǓº
Fig. 2 Effect of flow rate on
the adsorption of arsenate
species. Ē SV 30 h-1 ė SV
100 h-1, ĕ SV 200 h-1.
Conditions
Column : 1.7 mL of wet FVA
(0.4 g in dry)
Feeding solution : 0.15 mM
As(̃) (pH 7)
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ˆFVA¹PAA-Bחƻ Diaion SA10AǚພƌƧǦȤț඲ƳǐǓȍ߱ǟǥȮƶטଆ
¸FVA ưࠅ೅ƶЧǟǥȮ܉՘࢈ࠚ Diaion
SA10A ƲǑƻƳ PAA-B ƶߡࡣƳƬƌƮ¹
ǦȤț඲ƳƒƙǓȍ߱ǟǥȮࡾƶטଆ௾঴
ǚೝԔƟƧºƛǔǑƶܲ੧࠿ǚЫইƳ࠷ơº
PAA-B Ʒමݖգǚ࠮ƧƲƌ९঎঴Ɣݗƌ࢈
ࠚƯƊǓºГධ¹Diaion SA10AƷਧ঎঴ƶ
ݗƌȃȥȜǼȦȔȮǳȦǝȮȝȆǡț֏ǚ
ЧǟǥȮ܉՘֏ươǓનഒஇ؊ѻ֏঴ƶЧ
ǟǥȮ܉՘࢈ࠚƯƊǓºTable 3ƳƛǔǑƶ
یਬൟ৖ƶڤүǚ࠷ơºPAA-BƶՐౖ֏௮హ໷ƷƔئǉƮપƕƌƛưƔǗƓǓºƛǔƷ¹
PAAôBƳƒƌƮƷଃਬŌۍࠃƊƧǒƶ௓໷ƔࣹƝƌƧǉƯƊǓº
ŎࡾƶЧǟǥȮ܉՘ઑƶƥǔƦǔǚࢩஓƟƧԇǦȤțǚພƌƮȍਬƶ༼ࢽװ௫ǚڸ௟
ƟƧڤүǚ Fig. 3Ƴ࠷Ɵ¹ঝ૮ȂÓǺǚ Table 4Ƴ຤๢Ɵ
ƧºƛƛƯǦȤțǀƶ׼רњƷ঎௶঎(૰ҟ঎)Ƴȍ߱ѻǚ
ǴȌǟǪƟƮଳৄƟƧºȍ߱ѻ౔ஶƷȍਬ౔ஶƯ 0.81ppm
- 0.88ppm(0.011 - 0.012mM)ưƟƧºpHƷ 7ƯƊǒ¹ѻҠ
൝ǟǥȮ¹ख߱ǟǥȮ¹ໝ߱ǟǥȮƶ౔ஶƷƥǔƦǔ¹
8.1ppm(0.23mM), 2.9ppm(0.047mM) Ʋ Ǒ ƻ Ƴ
20ppm(0.21mM)ƯƊƫƧºࢫƫƮ¹ѻҠ൝ǟǥȮưໝ߱ǟǥ
ȮƷƥǔƦǔȍ߱ǟǥȮƶ๢ 20౵ȝȦ੻޲ƟƮƌǓº
Fig.ŎưTable 4ƓǑ಴ǓǐƎƳ¹5%༼ࢽ஝Ʒ, FVA > PAA-B >
Diaion CR10 ƶࣔƳۑࣺƟƮƌǓºԇ࢈ࠚƶЧǟǥȮਏવ঴
ƶ੏Њưԉߧ۔नƶࢲुܑүƳǐƫƮ¹ƛƶǐƎƲࣔࣥƳƲ
ƫƧǊƶư঍୩ƯƕǓºơƲǗƩ¹ƛƛƯƷ 500 h-1ưƌƎપ
ƕƲِյੱஶǚࡑ۔ơǓƧǉƳ 32 – 60 meshƶưೝԔஇໞஶ
ƶપƕƌ࢈ࠚǚພƌƧƧǉƳ¹࢈ࠚఝ൉ǆƯԉߧơǓƳƷࢪ
ൟƶ࠯յǚ຤Ɵ¹ȍ߱ǟǥȮƶ༼ࢽƔ੆Ɨ֬ƛǓº࢈ࠚƷߡ࠰یؑҰƙܲ੧ƯƊǒ¹Րౖ
֏Ʒ࢈ࠚఝ൉ƳǊંƗ੻޲ƟƮƌǓƧǉ¹ȍ߱ЧǟǥȮࡾƔ࢈ࠚఝƶଇढ़൉ǆƯԉߧơǓ
Table 2 Effect of flow rate of feed on adsorption of As (_) by FVA
Flow rate in space velocity 30 h-1 100 h-1 200 h-1
Concentration of arsenate in feed [ppm] 13.0 12.3 12.2
pH of feeding solution 7.0 7.0 7.0
Recovery [%] 110 109 106
5% Breakthrough point [mL/mL-F]* 448 377 332
5% Breakthrough capacity [mmol/g-F] 0.326 0.259 0.226
* 5% breakthrough point is defined as the feed volume corresponding to C/C0 = 0.05.
Table 3 Elemental analysis of PAA-B and Diaion SA10A
¸ H % C % N % ¸N (mmol/g)
PAA-B 11.2 58.74 19.75 ¸¸14.1
Diaion SA10A 8.82 64.37 5.11 ¸¸ 3.65
CH2CH
CH2
NH3+
Cl
-
CH2CH
H2C N
ߡ೾ҠԙDiaion SA10A
CH3
CH3
CH3
+
Cl
-
PAA-B ష௉ී
0
0.5
1
0 50 100 150 200 250
Bed volumes (mL/mL-Fiber)
Fig. 3 Adsorption of 1 ppm
arsenate species by FVA, PAA-
B and Diaion SA10A. ĒFVA,
ėPAA-B, ęDiaion SA10A.
Conditions Column : FVA (0.3
g), PAA-B (0.57 g), SA10A
(0.6 g). Wet volume of each
resin was 1.0 mL. Feeding
solution : 1 ppm As(̃) in tap
water (pH 7).
Flow rate : 500 h-1in SV
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ǆƯƳƷƓƲǒƶ࠯յǚ຤ơǓºǆƧ¹Diaion CR10ƶЧǟǥȮਏવ঴Ʒȍ߱ǟǥȮ < ѻ
Ҡ൝ǟǥȮúໝ߱ǟǥȮƶࣔƳ੢પơǓºГධ¹FVA ư PAA-B ƷѻҠ൝ǟǥȮúໝ߱ǟ
ǥȮ<ȍ߱ǟǥȮƶࣔƳ੢પơǓºਆЄƯƷ¹Րౖ֏Ɣ۞୩ҠƝǔƧਆЄƶଽٻƔ 10µm
୷ஶưࣹƝƌƧǉঀੱƲטଆƔҧౖưƲǓºϱरƳǐǒ¹FVA Ʒࠅ೅ƶ࢈ࠚǐǒǊܑ໓
ǐƗȍ߱ЧǟǥȮࡾǚטଆơǓƛưƔҧౖưƲǓº
ˇ FVAư PAA-BƳǐǓȍ߱ǟǥȮࡾטଆƳƒƙǓ׼רњ౔ஶƶы؜
¸ਕ২ƯࢿǁƧධ඲Ư঎௶঎(૰ҟ঎)ƳࡾÐƶ໷ƶȍ߱ѻǚǴȌǟǪƟƮ¹౔ஶƶЂƲǓ
ȍ߱ѻ঎ຜњǚଳৄƟƮ¹ƛǔǑƶຜњǚ FVAࢩஓǦȤțƳГ୩ƶੱஶƯୋњƟƮȍ߱
ѻƶטଆ௾঴ǚڸ௟ƟƧºTable 5ƳǦȤțǀƶ׼רњƶਭ঵¹ୋњऽڨ¹5%༼ࢽ஝¹5%
༼ࢽຓ໷¹Ӗࢌ໓ƲƱǚ຤๢ƟƧº
Fig.4 ƳƷԇ౔ஶƳƒƙǓ༼ࢽإਅǚ࠷ơºୋऺ¹׼רњଇƶטଆ഍இǟǥȮƶ౔ஶƔ
ۑࣺơǓưưǊƳ¹༼ࢽ஝ƔǃǄ੢પƟƮƌƗºƟƓƟؘฒ॥ƌƛưƳ¹ƛƛƯƷ༼ࢽ஝
Ʒȍਬ౔ஶƔ ppm ୷ஶǆƯƷ੢પƟƮƌǓƔ¹ƝǑƳ׼רњଇƶȍਬ౔ஶƔۑࣺơǓư
גƳ༼ࢽ஝ƷࣹƝƗƲƫƮƌǓº׼רњଇƶȍਬ౔ஶƶୢҟưưǊƳ؁੻ЧǟǥȮƶ෉ӳ
Ɣ੏ઓஇƳપƕƗƲǒ༼ࢽ஝ǚࣹƝƗơǓºơƲǗƩ¹ȍਬ౔ஶƶୢҟưưǊƳ¹༼ࢽ஝
ǚપƕƗơǓПࠃưࣹƝƗơǓПࠃƔዓܨơǓƧǉƳ¹5ppm ϱҟƳƲǓư༼ࢽ஝ƔǃǄ
Г୩ƳƲƫƧǊƶư঍ߒƝǔǓºƟƓƟƲƔǑ¹༼ࢽ஝ǆƯƳטଆƝǔǓȍਬƶ໷Ʒ¹૒
Table 4 Adsorption 1 ppm As (_) in tap water by FVA, PAA-B and Diaion SA10A
Adsorbent FVA PAA-B Diaion SA10A
Flow rate of feed in space velocity 500 h-1 500 h-1 500 h-1
Concentration of feeding solution [ppm] 0.81 0.88 0.84
pH of feed 7.0 7.0 7.0
Recovery [%] 104 105 109
5% Breakthrough point [mL/mL-F]* 64.8 19.8 5.7
5% Breakthrough [mmol/g-F] 0.0023 0.0008 0.0002
* 5% breakthrough point is defined as the feed volume corresponding to C/C0 = 0.05.
Table 5 ¸Effect of concentration of feeding solution on the adsorption As (_) in tap
water by FVA
Flow rate of feed 500 h-1 500 h-1 500 h-1 500 h-1 500 h-1 500 h-1
Concentration of
As in feed [ppm] 0.81 2.4 4.8 9.2 51.7 105.1
pH of feed 7.0 7.0 7.0 7.0 7.0 7.0
Recovery [%] 104.2 95.6 105.2 95.6 104.5 102.5
5% Breakthrough point
[mL/mL-F]* 64.8 51.8 75.6 58.1 20.6 14
5% Breakthrough
[mmol/g-F] 0.0023 0.0055 0.0161 0.0237 0.0472 0.0652
* 5% breakthrough point is defined as the feed volume corresponding to C/C0 = 0.05.
ਕࢿƶ঎௶঎Ƴȍ߱ѻǚǴȌǟǪƟƮࡾÐƶȍ߱ѻ౔ஶƶຜњǚଳৄƟƮ¹
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ଳƳۑࣺƟƮƌƗڤүưƲǓº
࠰Ƴ PAA-B ƳƬƌƮǊ௬ບƶ
ڸ௟ǚ݉ƫƧºTable 6 Ƴࡑۊऽ
ڨưڤүǚ຤๢ƟƧº༼ࢽإਅǚ
Fig. 5 Ƴ࠷ơºƛƶ࢈ࠚƶषݜƳ
Ʒ¹׼רњଇƶȍਬ౔ஶư༼ࢽ஝
ƷǃưǛƱ੏շƟƮƒǑƢ¹ǃǄ
Г୩ƯƊǓºƛƶƛưƷ¹׼רњ
ଇƶȍਬ౔ஶưƷฤշٱƳୋњੱ
ஶƔ 500 h-1ưئǉƮঀੱƯƊǓ
ƶƯຜњଇƶȍਬƔ࢈ࠚఝƳԉߧक़హƟƮטଆƝǔǓƛưƲƗœԥ୷ஶƶȍਬƔǦȤțఝ
ƶໞࠃյڝǚຜњưưǊƳୋӄơǓƛưǚ࠷މƟƮƌǓºPAA-B Ʒ܉՘ຓ໷ƷئǉƮપ
ƕƌƔטଆੱஶƔૺƗƔ¹ƛǔưЂƲǒഃࡣǑƔӬದƟƧਆЄƯƷ 500 h-1ƯǊȍਬǚঀ
ੱƳטଆҧౖƯƊǓƛưƔ಴ƫƧº
Table 6 Effect of concentration of feeding solution on the adsorption As (_) in tap water
by PAA-B
Flow rate of feed 500 h-1 500 h-1 500 h-1 500 h-1 500 h-1 500 h-1
Concentration of As in
feed [ppm] 0.88 2.4 4.8 9.19 50.97 100.2
pH of feed 7.0 7.0 7.0 7.0 7.0 7.0
Recovery [%] ]105 98.4 91.2 93.4 101 105
5% Breakthrough point
[mL/mL]* 19.8 12.3 6.7 9.9 10.1 8.6
5% Breakthrough
[mmol/g-F] 0.0008 0.0013 0.0014 0.0040 0.0228 0.0382
* 5% breakthrough point is defined as the feed volume corresponding to C/C0 = 0.05.
(#঵үƶૄ঵ஶ
¸෭ైஶƷ¹۔ࡑƳ੫ƟƧ૰ҟ঎á෭ԙƶ঎௶঎âƳȍ߱ѻǚǴȌǟǪƟƧ฾ֹࠟ໬ǚພ
ƌƮƶڸ௟ǚ݉ƫƧºȍਬս๺໷Ɣ&eeb୷ஶƯƊǒѻҠ൝ǟǥȮưໝ߱ǟǥȮƔƥǔƦǔ
ōŋ౵ȝȦ੻޲ơǓऽڨҟƯ¹๺֞ǟǥȮ܉՘ઑưƟƮƷƠǉƮȍ߱ǟǥȮƶטଆҧౖƯ
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Fig. 4 Effect of concentration of
feeding solution on uptake of
As(̃) by FVA
Column : 1.0 mL of wet FVA
(0.3 g in dry)
Feed: As(̃) (pH 7.0) Flow rate
of feed 500 h-1 in space velocity
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Fig. 5 Effect of concentration of
feeding solution on the adsoprtion
As(̃) by PAA-B
Conditions
Column : 1 mL of PAA-B (0.58 g)
Feeding solution: As(̃) (pH 7.0).
Flow rate : 500 h-1 in SV.
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ਬ޳ 2005áࡋໃâ¹൲঵ 17ైஶࠢے½ਬ޳շٱԙ؃Ӕݜ௬࢖֥પӔȒȨǫȤț຤ࠎࢥ¹
73ൺ¹2005ై 9ڧ 25ష
6. ԟ੿ٵ߻¹އ௞ګ঳¹Ҳۍ়જ¾ຜຈ೫ӦƓǑƶؽੳӖࢌ¹ࠢے½ਬ޳ 2005áࡋໃâ¹
൲঵ 17 ైஶࠢے½ਬ޳շٱԙ؃Ӕݜ௬࢖֥પӔȒȨǫȤț຤ࠎࢥ¹74 ൺ¹2005 ై 9
ڧ 25ష
7. Ҳۍ়જ¾ǴȤǫưǻǴȃƶ໊ࣕƳշơǓ೪஑ৄ༬߫ԙӔƶࡷǒਭǇ¹ష෭஑ݒ؃Ӕ
ફ 150 Ӗ࢖֥݋ѮપӔ¹޳໬ưȒȨǶǴ¹Vol.18(2005), No.4¹720-723 ൺ¹2005 ై 9
ڧ 29ష
8. Ҳۍ়જ¾ǴȤǫưǻǴȃƶ໊ࣕƳշơǓ೪஑ৄ༬߫ԙӔƶࡷǒਭǇ¹ǟȮȒȨǶǴ
ȁǪȉȨǳÓફŏӖڽףӔ¹2006ై 3ڧ 9ష
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ׯ஝ٺ঵ڽף B¸í঎գ؈ѽ৾൝ࡐƶ௫ઙഓҤڽףׯ஝ƶܲૼî
ǧȗȮࢽତඦݥࣞ
൲঵ 18ై 1ڧ
ࢽତࡣ
ܞԙ൉½ؐࢇ¸¸¸¸¸ࣹ૴ ݣฯ
¸¸¸¸¸¸¸¸࠺ਘҭԙڽףҭ½ؐࢇ¸Ҳۍ ়જ
¸¸¸¸¸¸¸¸ܞԙ൉½࣢ؐࢇ¸¸¸¸৵Ѡ ඐ௼
¸¸¸¸¸¸¸¸࠺ਘҭԙڽףҭಇ߿ۼ֛Ӏ୷գ؈ҭԙ৳ܫ 2ై¸țǦȅ¸ǥȧȥǝȮ
1. ࢽତƶ๋இ
ڽףׯ஝ B ƶݦްஇ܉໙ԩ௫ƶГգưƟƮ»ଇҀǝȐȥǦ¸ ǧȗȮ؁ཋݦƶࡶ຤Ʋڽףࡣưգ؈๓
ભƳշơǓȪÓǪǲȢǾȒǚӬޘƟ»ཉ൫ದഒǌऻඦ܉՘ǚ݉ƎºƝǑƳ»գ؈๓ભƳշơǓࠢ໬ࢌ
ࢥǌգ؈๓ભƔিƠƮƌǓषࣗǀƶȐǞÓȦȄȃȥǾȒǚ݉ƎºƛǔƳǐǒ»௓ڽףǫȦÓȒƶգ؈
๓ભƳշơǓۂࡀǚܢƚ»ǝȐȥǦư٠પưƶॶஇ܉໙ǌ؁௬ڽףƶਨǚૼƗƛưǚ๋இươǓº
2. ȪÓǪǲȢǾȒǴǬǳȠÓȦ
1 ڧ 11 ష(঎)¸٠෭ôൔҏ»ൔҏôॷ৵áչݦâ¾չݦِ݇»ॷ৵ôȌȥáȐȤȮǴâ¾չ
ݦِ݇
¸¸¸¸¸¸¸ȌȥôȥÓȑȦȎȦáǧȗȮâ¾ȐȤȮǴِ݇
1ڧ 12ష(้)
ē6:30¾ȥÓȑȦȎȦِܶଆ
ē15:00¾Centre National de la Recherche Scentifique et Technologique (CENAREST¾ݦ໔ҭԙ
ָࢾڽףǶȮǺÓ) ල๓
½ǶȮǺÓସ Samuel MBADINGA ࠒư
ǮÓȂǞȈÓǺ Lucien OBAME ಇ߿
Ǒư࠺ۡझӓ»ݶӖƶල๓ƶ๋இ»
ǴǬǳȠÓȦ»CENAREST ƶԩ௫ఝ
ຓƳƬƌƮӔ૭ơǓ [Ыƶ࡛२ ]º
OBAME ࠒƷțǦȅ٨ƶࢽॱપԙáș
ǴǪ໊ܞપԙâƶؐࢇƯ»țǦȅ٨
ƶیࠉ௮ؐОƯǊƊǓº
½CENAREST ఝƶি൝ܞԙڽףࡋưǮ
ȮȏȠÓǺࡋǚۂԙº
½ۂԙƶۼ՞૭½ஷ߫൝੦୧áష෭ࢁ೵ࣺైâºCENAREST ƓǑৗƶஞ௚ଥݤǚƌƧƨ
107
Ɨº
ē17:00¾޲ǧȗȮష෭પ߹պഒڂල๓
½௾ฮਙڹપ߹¸ҏ෭ಇ೵ࠒưල๓ƶ๋இ»ǧȗȮǌࢍඈݦƶࠧऻƲƱƳƬƌƮӔ૭º
1ڧ 13ష(ؽ)¸ȪÓǪǲȢǾȒફГష๋
ē8:30¾CENARESTપӔׁࡋƳƮӬѮ½ߣҦࡣ 85อ
½8:40-9:10¸ǶȮǺÓସ Samuel MBADINGAࠒƳǐǓ՞ڗƶώߓ
¸¸¸¸¸¸ࣹ૴ؐࢇƳǐǓල๓ƶ๋இưׯ஝ Bƶڽףԩ௫ఝຓझӓ
¸¸¸¸¸¸ǮÓȂǞȈÓǺ Lucien OBAMEಇ߿ƳǐǓ CENARESTƶԩ௫ఝຓझӓ
½9:10 - 11:00¸ǶǾǲȢȮ 1¾ȥȝÓȃǶȮǲȮǫ»ِյӕ৖»૰ע൝໊ԙ
ದഒࡣ¸ࣹ૴ؐࢇáȥȝÓȃǶȮǲȮǫư૰ע௚ڐԙƶգ؈ӕ৖ǀƶ҃ພâ
MOUKANA Jean-AurelienáȥȝÓȃǶȮǲȮǫƳǐǓஷ૰໅ພٺઙƶ඄Ҡଋࢽ
ư૰ҟ঎ϳୢҟưƶշٱâ
Dr NZIENGUI MarcelináǧȗȮգ؈șǾȏȮǫǀƶȥȝÓȃǶȮǲȮǫƶ҃
ພâ
Madame NYARE NathalieáȥȝÓȃǶȮǲȮǫƳǐǓॢ໾૰ই߁঵â
BOUROBOU Francisáգ؈ඐ܅ƶƧǉƶ GISưȥȝÓȃǶȮǲȮǫâ
OBIANG EBANEGAMedardáJERS-1ȧÓǻӋ੡ǚພƌƧুธॢ໾૰ই߁ৄâ
½11:15 - 12:50¸ǶǾǲȢȮ 2¾ি൝ܞԙ»ি൝Ҡԙ»঎ࡐिҠ
ದഒࡣ¸Etienne Massard MAKAGAKABINDA
Dr NDONG BIYO’O mesmináो൝ƳշơǓ in vitroƯƶЋஞࠃȋȮǪƶܲૼâ
Dr BOUPANA Gilles AurelienáȥÓȑȦȎȦࠅఝȧǴȃȤȮƯ߹ǗǔƮƌǓǳ
Ȏǣá๝িఴ॒޳âƳշơǓ೰ি൝áެظâଳލâ
Monsieur EYI NDONG Huges CalixtesáǧȗȮݦఝƶ॒ພǨȉǮƳշơǓڽף¾
ǟȮȔȮȃȥÓחƻޢ౶ƳշơǓڽףâ
Dr LAMIDI MAROUFATH
Dr Patrick MIKALAáଇҀǝȐȥǦƳি੬ơǓ๺௧་ƶൟࠃি൝ԙஇൟ་â
Dr Guy Anicet RERAMBYATáǧȗȮؼӥƳƒƙǓ঎߫ࠢےƶ۔ीâ
৵Ѡ࣢ؐࢇáգ؈঎ࡐඐਙƶƧǉƶ೰ি൝ܞԙƶ҃ພâ
½12:50 - 14:00¸ǶǾǲȢȮ 3¾ࡍ࠿ৄ༬»գ؈ඐ܅»ি൝ંບ঴
ದഒࡣ¸Ҳۍؐࢇáգ؈ඐ܅ƶƧǉƶؽੳܞԙƶ҃ພâ
Mme NGOUA RosalieáǧȗȮƶǣǮǲǴȁțܲૼƶƧǉƶਭॎƳƬƌƮƶ୲
¸¸¸¸¸¸¸¸¸¸¸¸¸¸¸ϭâ
Dr Magloir-Desire MOUNANGAáǧȗȮƶѭվЏƳƒƙǓѽ৾ƳƬƌƮâ
Dr BOUROBOU BOUROBOUáǧȗȮƳি੬ơǓो൝ƶ๣ພܑүƶଳލâ
Dr MBEGAá׸ƶದি֛ƳחǄơգ؈ȖȦȝȮƶы؜ƳշơǓ֏ਨڽףâ
Dr NGOK BANAKáǧȗȮ௉ධ૰ЏƶփৗైનƳշơǓڽףâ
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ē14:15¾CENARESTरצȜȮȋÓưଌ॒
ȪÓǪǲȢǾȒƶບࠃƶГ൉ǚर 6 ෸ƶ
࡛२Ư࠷ơºƲƒ»ƛƶషƶȪÓǪǲȢǾ
ȒƷ»ǧȗȮݦщȁȧȎƶ۸ۼ 8 ࠯નƶȆ
ȠÓǴƯझӓƝǔƧ»ưƶƛưƯƊǓº
ē15:15¾ؐАकල๓½પ६ưӔ૭á૰ע൝
໊ԙǚ৳๖ươǓપԙؐࢇâ [Ыƶ࡛२Ʒԇ
कଢƔࢥଇơǓ૰كƶГӋǚഒơ]
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ē16:15¾գ؈कල๓½൐પ६ưӔ૭áډޤԙǚ৳๖ươǓપԙؐࢇâ
ē19:00¾ష෭પ߹պල๓¾ҏ෭પ߹»ӥӱ׶أ؃໺޵૥½ష෭ӥປଳލӔƶධÐ»޲ǧ
ȗȮ JICAָࢾࡣ¸้ࣹਣࠒǑưӔ॒
1ڧ 14ష(ஷ) ȪÓǪǲȢǾȒફమష ¾๋¸ ۸ਕƷोিգ؈ƳշơǓȐǞÓȦȄȃȥǾȒ»
۸ۼƷ CENAREST ƯȪÓǪǲȢǾȒƶ੶ƕ½ȂǞǴǦǾǲȢȮǶǾǲȢ
Ȯ
ē9:00¾ǥșÓȦ¸ȗȮǯપԙଆ¸[ދҟƶ࡛२]
½ो൝ڽףࡋල๓¸áǧȗȮƶਙो൝ࡾƶ഍෭½ȂÓǺȔÓǴ߁঵ƶȒȨǳǢǪȃझӓâ
½Ѯ࢙໾ල๓¸áేખа໾૰ખƶનഒஇƲ࢈้ƶА঵â[Ыҟƶ࡛२]
ē11:00¾Owendoܶ ¸á้޳ƶ৘ࢽܶâ
ē11:15-12:00 Lunch time
ē15:00 - 17:30¾CENARESTƯȂǞǴǦǾǲȢȮ»ऻඦ܉՘Ӕ¸[ҟ 2෸ƶ࡛२]
½ߣҦࡣ 24อ
½ǧȗȮƶѭվЏƯƶӥ঎ѽ৾ीؒƔඦݥƝǔǓºӥƶѽ৾ǚࠐǉǓƳƷƱƎơǔƸ໴ƌ
ƓÀƳƬƌƮϼۂ܉՘º
½٠પ੩ǀƶࡐ๓ࠧݕ
¸ôǧȗȮǀƶָࢾஇѬ࣢½޵শஇѬ࣢ǚƱƶǐƎƳ݂ƐƮƌǓƶƓÀ
Ġǝǳǝ½ǝȐȥǦԙࢾ֏೎ٺ঵ࠧأƳޡવƝǔǓƛưƔફГƶǴȁǾȒƯƊǓº
ݶӖƶල๓Ʒ»ƥƶƧǉƶࡑ৚߁ǒƳ݌ڼƯƕǓº
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¸ôϱਕƶష෭ư་ࠨƟƧգ؈๓ભƔǧȗȮƯিƠƮƌǓƔ»ష෭ƷƱƶǐƎƳӕڡƟƧ
ƶƓÀĠГஶѽ৾ƝǔƧգ؈ƷیƳ࢑൑ƯƕƲƌƶƯ»ѽ৾ےǚ৫ƬƛưƔࢲ຤
ƯƊǓº
ô૰ҟ঎ѽ৾ǚƱƶǐƎƳࠐǉǑǔǓƶƓÀ¸ǆƧ»ѽ৾ƝǔƮƌǓƛưǚࢨภƳƱƶ
ǐƎƳĠ૰ҟ঎ƶ঎ࡐƶȝȆǺȥȮǫƔࢲ຤ºհ੯ЍۤǚંƗ০ƙƮຬƟƌºۼ
ವƷশ࠲ҫƶড়ఽƯƷƲƌƓÀ
ôǧȗȮƷգ؈๓ભӕڡƶǴǺÓȃ૰஝Ƴ৫ƫƮƌǓºգ؈๓ભƶϼࡀǚݗǉƮƌƧƨ
ƕƧƛưƳՕࡤƟƧƌºáգ؈½࠺ਘඐ܅ࡋସǐǒâ
¸¸¸Ġƛǔǚ֞Ƴॶஇ܉໙ƔƯƕǔƸ෭ාƯƊǓº
1ڧ 15ష(ஷ)¸ȪÓǪǲȢǾȒફߡష๋
ēPointe DenisǀƶȐǞÓȦȄȃȥǾȒ
½20อߣҦ¸[ҟ 2෸ƶ࡛२]
½ǧȗȮǚ໙ǔǓਙƮƶࠊ໙ǚࢥǉƧ৵ƶપҲܔƯƊǒ»क़॒ੱஶƔ೪ऺƳੱƗ»5 ైƯ
ӥվਅƔપ൒ƳۼણƟƧº઒৘ੱஶǊੱƌºЫƶ࡛२Ʒ઒৘ǰǟǪȦǚഒƟ»1 Ƭƶ࡙
Ɣ 1ǰǟǪȦƳઓ҃Ɵ»1ȱڧƯٺ঵ƝǔǓưƶƛưƯƊǓº
½પ৅ປưƶ؈ӧƷ»ফӧફమƶӥֲƶ߫຾षࣗǑƟƌº
½ȃȥǾȒƶȘǟȮȃ
ôक़॒ǚࠐǉǓƳƷƱƎƟƧǑ໴ƌƓÀ
Ġॶܞ୨ේƳǐǓक़॒ƯƷƲƗ࠺ਘƶ߁ພƲƶƯ»໙ੱ
ൟരǌ઒৘൝౔ஶ½ࡾ་ƲƱƶ੒ݜஇƲӕ৖Ɣഁ຤Ư
ƊǓº
¸ôƛƶವ௄ǚӬದơǓƳƷ঎Ɣഁ຤ƯƊǓº૰ҟ঎ǚۂ
¸¸പƙࢽơƶƳ๺ܑƲධ඲ƷÀ
¸¸Ġ૰ٺƔ൲૔ƯƊǒ»ഒ਽൉ƶ૰ࡐǊجࡐƲƶƯ»஢
¸¸֡૖ލƔޚǊஉພƟǌơƌº
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1ڧ 16ష(ڧ)ȥÓȑȦȎȦದ»҂ƕưגƶډ༲
Ư 1ڧ 17ష(ҳ)ൔҏଆ½۸ۼ 9࠯ವ٠෭ଆº
ࢽದਕƳߔыƟƧȖȁȦƓǑƶӺƶບࠃǚЫƶ
࡛२Ƴ࠷ơº
3. ݶۼƶ؁௬ڽףƶҧౖ঴
ڽףࡣưƶऻඦ܉՘Ƴǐǒ»ǧȗȮƯƷíॢ໾ը໊î»í౪঎໊ࣕî»íӥվक़॒îƶ 3Ƭ
ƔޚǊࢲ຤Ʋգ؈๓ભƯƊǓƛưƔǗƓƫƧºǧȗȮƷݐ൝ࠢےǌৗ๬ƳټǆǔƮƌǓƔ»
ƛƶǐƎƲஔਘࠢےƳݦҫࢌహƶંƗǚϴ੻Ɵ»ݦఝƳܞأƔದૄƟƮƌƲƌº࠺ਕƶৄ
ടƔࣺƲƗ»෩ƱƔ๯హടưƶƛưƯƊǓº௾Ƴࡥƶ෩ƱƷష෭ৄƯƊǓºǆƧ»ҟ঎௶
ǌ঎िҠƳշƟƮƶࡡӔষ೮ƔॳǛƯƌƲƌºїিीઙƔϔƌƧǉƳ൲جࢆฮǊ૜ƌƥƎ
ƯƊǓºƛƶǐƎƲࡡӔीؒƔर֪ƶգ؈๓ભǚিƠƝƣƮƌǓº
ݶӖƶȪÓǪǲȢǾȒƳƷڐ 109อǊƶߣҦǚƌƧƨƕ»෭ڽףǫȦÓȒưգ؈๓ભǀ
ƶշढ़ƶݗƝƔԏƓǉǑǔƧºíॢ໾ը໊îƯƷ GIS ǌȥȝÓȃǶȮǲȮǫƔ๺ܑƳԩພ
ƯƕǓºǆƧ»í౪঎໊ࣕîƷ௓ڽףǫȦÓȒƔપƌƳ݌ڼƯƕǓȁÓșƯƊǓºíӥվक़
॒îƳƬƌƮǊય৵ؐࢇǫȦÓȒǑƔু໺இƳڽףǚॳǉƮƌǓºƌƢǔǊ௓ׯ஝ǫȦÓ
ȒƶڽףఝຓƳշ༫Ɣ॥ƌƶƯ»ॶஇ܉໙ǚୋƟƮ»ڽףƶॠƟƌகӬƔইǔǓƛưƔ֛
ગƯƕǓº
ޚۼƳ Samuel MBADINGAࠒǚƷƠǉươǓ CENARESTƶǴǺǾȐƶධÐƳƷȪÓǪ
ǲȢǾȒưȐǞÓȦȄȃȥǾȒƶ঵ܐƳܕƙƮูธƳǴǬǳȠÓȦǚ໔ƮƮƌƧƨƕ»ެ
൉ƳǗƧƫƮ۽౴໣ƌƧƨƌƧº௾ฮਙڹપ߹¸ҏ෭ಇ೵ࠒƳƷҜƓƗƒǊƮƲƟƌƧƨ
ƕ»ѤԫƳǧȗȮƯ݉௫ƯƕǓǐƎƳƒࡷǒڐǑƌƌƧƨƌƧºJICA¸้ࣹਣ࣏ࣂࠒƳ
Ʒୋ๤ƌƧƨƕ»ȪÓǪǲȢǾȒƯƶׁཉƶ॥ҠƳƒࡹஞƌƌƧƨƌƧºƒফཌƳƲƫƧ
ંƗƶධÐƳ»ƛƛƳ֪ƟƮ॥ॼƶࡤϼǚഒƟƧƌº
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¸¸¸¸¸൲঵ŌŒైஶ٠෭પԙݦްڽףࢥӔ௖ࠊѬډ೨ࡑࠍඦݥࣞ¸¸¸¸¸ບ࠿ō
¸Ō¼ඦݥࡣáӬޘড়ఽࡣâ
¸ࠒอ
¸ϩ¸¸൉¸¸¸ᘛ¸Г¸¸¸¸¸¸¸¸
ࣗੳ൉ؤ½ॏอ
໊ԙ൉½ؐ¸ࢇ
¸༫຺৯
¸¸஢ཌáఝਅ¸3437¸â¸FAXá342-3437â¸e-mail : abeshin@gpo.kumamoto-u.ac.jp
ō¼ࡑࠍƟƧݦްڽףࢥӔ௖ƳƬƌƮ¸
¸¸อङ
ݦްǲȮȘǳȠÓțí೰໷գ؈ѽ৾൝ࡐƶ௫ઙഓҤưƥƶ࢑൑î
l¸ࡑࠍƟƧష୷
¸¸¸൲঵¸17¸ై¸12¸ڧ¸9¸ష¸á¸Ō¸షյâ
¸঵үחƻ঵үƶ܏ഒƳƬƌƮáݦް؁௬ڽף঍ॳƳƱƶǐƎƲܑүƔƊƫƧƓ௖â
೰໷գ؈ѽ৾൝ࡐƳշ༫ƟƧڽףൟ๝ƯǫȨÓȋȦƳԩ๥ƟƮƌǓݦఝӱƶڽףࡣǚंឫƟƮí঎գ؈ѽ৾
൝ࡐƶ௫ઙഓҤưƥƶ࢑൑îƳշơǓݦްǲȮȘǚ൲঵ 17 ైŌōڧ 9 షƳܞԙ൉ 100 ࢍై֪౉պƳƮӬޘƟ
Ƨºॶܞࡍ૰ǚԩພƟƧգ؈࢑൑ƳշƟƮǝȜȥǦౙยकѭվ൲ۍڽףǶȮǺÓࣗସƶ P. Hunt ࣗସƓǑ¹ౙ
๣௖ƶ೰໷գ؈ѽ৾൉ൟ൝ࡐƶ࠺ਘিઙڈѽ৾ƳշƟƮύഇપԙѭվգ؈ҭԙڽףǶȮǺÓ஡ඈॗӓؐࢇƓ
Ǒ¹ǗƔݦƳƒƙǓգ؈ȖȦȝȮڽףƶ۔ीƳƬƌƮҏ޽௚ݜȋǟǥǰǟǣȮǴǶȮǺÓЍܔજ৻ؐࢇƓǑ¹
ȪȆǚࠀǉươǓ໩঴་ƳƒƙǓգ؈ȖȦȝȮѽ৾ƳƬƌƮ൹ݦȐȨȥǻપԙ Louis J. Guillette Jr.ؐࢇƓǑ¹
௉఩ǝǳǝƯƶᘿਬǚࠀǉươǓ೰໷գ؈ѽ৾൝ࡐƳǐǓ঎գ؈ѽ৾ƳƬƌƮȔȃȅțݦ໔પԙȊȉǟܰգ؈
ܞԙڽףǶȮǺÓPham Hung Viet ؐࢇƓǑƥǔƦǔ݋ѮƔƊƫƧºƛǔǑंગ݋ѮϱӱƳ¹ׯ஝ڽףǫȦÓȒ
ƓǑ¹ܞԙ൉ƶۜ৵ؐࢇƔڲ֡঴ǝȮȝȆǝ߱ҠáAnammoxâƳշơǓڽף঵үǚ¹ѭվЏգ؈ؐАڽףǶ
ȮǺÓƶЖۂؐࢇƓǑ¹๺ฯӥƳƒƙǓō෸ӮƶিઙƳշơǓڽף঵үƶದഒƔƊƫƧº
ݦްǲȮȘǀƶࢽ৑ࡣƷ¹٠෭પԙܞԙ൉¹໊ԙ൉ƶؐՐ¹ԙিƔࡶƯƊƫƧƔ¹ƛǔϱӱƳۀఝƶપԙؐ
Ր¹૰ධ܏؁૥ઑƶշٱࡣƔѩǁ 300ॶߣҦƟƧº
ƛƶݦްǲȮȘǚୋƠƮ¹ǲȮȘƶࢽ৑ࡣƳ঎գ؈ѽ৾൝ࡐƶ௫ઙഓҤƳշơǓݦްஇƲڽף௫ܕǚీ૯Ɵ
ƮହƗƛưƔƯƕƧƸƓǒƓ¹ӉÐׯ஝ٺ঵ǫȦÓȒƶڽףԩ௫ƳշơǓ໊ӕǚ॥ǉƮହƗƛưƔƯƕƧºǲ
ȮȘۼƶऻඦ܉՘ǚୋƠƮ¹ӉÐׯ஝ٺ঵ǫȦÓȒƶȜȮȋÓưंឫƟƧݦఝӱƶଙอƲڽףࡣưॶฝƔܲૼ
Ɲǔ¹ƛǔǑƔݶۼƶׯ஝ٺ঵ȜȮȋÓƶڽף½ؐАƶȧȔȦǝǾȒƳڋƔǓưԏॗƟƮƌǓº
ݦްǲȮȘƶӶ຤ࢥƷ¹݋ѮఝຓƶǇƲǑƢ݋ѮƳշ༫ơǓཉ൫ǚݜǗƣƧǊƶƯࢽ৑ࡣਙОƳ౴രƟƧº
ƛƶӶ຤ࢥƷ¹ƥǔ࠺ઑ೰໷գ؈ѽ৾൝ࡐƶޚॠƶऻඦǚࡷǒǆưǉƧ֫ࢲƲࠢ໬ࢥưƲǒ¹ܚഓƯƊƫƧº
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Ēƛƶׯ஝Ŗƶԩ௫Ƴշ༫ƟƧԙӔ¹ǲȮȘǳǡț௖
อ ङ¾ફŎӖ¸ǇǑƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡțßൖݜޥӳưƷàൖݜٸޥӳ
¸¸¸¸¸¸ưҜ૩ҠƳಳƎӥЏգ؈ƶ඄ҠƳƬƌƮ¾á๺ฯӥ½ಣનӥƶޙিǚǉƞƟ
¸¸¸¸¸¸Ʈâ
ࡶ¸ޘ¸ࡣ¾ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ½NPOǇǑƌ๺ฯ½ഩ૯ҳ
࠯¸¸¸֛¾൲঵17ై4ڧ28ష
ष¸¸¸ࣗ¾٠෭પԙܞԙ൉ഉࢍై֪౉պ
ߣ Ҧ ࡣ ঝ¾175อ
อ ङ¾ફőӖíՒԤȐǢǴǺîíՒԤƯຄǄƎǗƗǗƗ૖ڸથî
ࡶ¸ޘ¸ࡣ¾ՒԤȐǢǴǺࡑ݉ϸОӔ¹٠෭પԙ
࠯¸¸¸֛¾൲঵17ై6ڧ4ష
ष¸¸¸ࣗ¾٠෭ॠܶ९঎໻૰܏ѥ
ߣ Ҧ ࡣ ঝ¾950อ
อ ङ¾൫൉ҭԙकҭԙָࢾय़ؘଳষ೨¸ࢲ຤Ӏભӕڡٸڽף
¸¸¸¸¸¸í๺ฯӥƶޙিǀܕƙƧ۔૰ࠟۊîۂԙӔ
ࡶ¸ޘ¸ࡣ¾൫൉ҭԙकҭԙָࢾय़ؘଳষ೨ڽף¸٠෭પԙڽףೀ
࠯¸¸¸֛¾൲঵17ై10ڧ22ష
ष¸¸¸ࣗ¾٠෭પԙ¹٠෭ॠܶ९঎໻૰܏ѥ¹اอ҆௄ӥվ
ߣ Ҧ ࡣ ঝ¾105อ
อ ङ¾ß๺ฯ½ಣનӥƶޙিǚǉƞƟƮà٠෭½އӏ½ସ޽¸Ŏપԙݜ௬
¸¸¸¸¸¸¸ફ3Ӗ¸ǇǑƌ๺ฯ½ഩ૯ҳǲȮȘǳȠǡț
ࡶ¸ޘ¸ࡣ¾NPOǇǑƌ๺ฯ½ഩ૯ҳ¸ѭվЏգ؈ҭԙؐАڽףǶȮǺÓ
࠯¸¸¸֛¾൲঵17ై10ڧ28ష
ष¸¸¸ࣗ¾٠෭ࠅ٠෭પԙഉࢍై֪౉պ
ߣ Ҧ ࡣ ঝ¾175อ
อ ङ¾ફ30Ӗష෭ೝԔఝൟೞԙӔપӔƒǐƻǲȮȘǳǡț
ࡶ¸ޘ¸ࡣ¾ష෭ೝԔఝൟೞԙӔ¸ࡑ݉ϸОସ¸ϩ൉¸ᘛГ
࠯¸¸¸֛¾൲঵17ై11ڧ12Ø13ష
ष¸¸¸ࣗ¾٠෭પԙ¸પԙؐАڽףǶȮǺÓ
ߣ Ҧ ࡣ ঝ¾147อ
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อ ङ¾൫൉ҭԙकҭԙָࢾय़ؘଳষ೨ࢲ຤Ӏભӕڡٸڽ
¸¸¸¸¸¸í๺ฯӥি൝ি੬գ؈ƶྩᘯٸޙিưࡑथࠟۊîƳƓƓǓǲȮȘǳǡț¹
¸¸¸¸¸¸๺ฯӥƶޙিƳܕƙƮØݦ½ۀ½પԙƶࠟǇØ
ࡶ¸ޘ¸ࡣ¾൫൉ҭԙकҭԙָࢾय़ؘଳষ೨ڽף¸٠෭પԙڽףೀ
࠯¸¸¸֛¾൲঵17ై11ڧ18ష
ष¸¸¸ࣗ¾٠෭પԙ
ߣ Ҧ ࡣ ঝ¾291อ
อ ङ¾ફ21Ӗష෭ǟǥȮ܉՘ڽףದഒӔ
ࡶ¸ޘ¸ࡣ¾ష෭ǟǥȮ܉՘ԙӔ¸ࡑ݉ϸОସ¸श¸इஒ
࠯¸¸¸֛¾൲঵17ై11ڧ12Ø13ష
ष¸¸¸ࣗ¾٠෭પԙ¸ܞԙ൉ഉࢍై֪౉պ
ߣ Ҧ ࡣ ঝ¾114อ
115
